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Chemical Kinetics 


EXERCISE 1JEE MAIN/BOARDS 

Q.l A solution of A is mixed with an equal 
volume of a solution of B containing the same 
number of moles, and the reaction A + B = C 
occurs. At the end of lh, A is 75%t reacted. How 
much of A will be left unreacted at the end of 
2h if the reaction is (a) first order in A and zero 
order in B; (b) first order in both A and B; and 
(c) zero order in both A and B? 

Q.2 The reaction 

CH 3 -CH 2 -NO 2 + OH'->CH3-CH-N0 2 -+H20 

obeys the rate law for pseudo first order kinetic 
in the presence of a large excess of hydroxide 
ion . If 1% of nitro ethane undergoes reaction 
in half minute when the reaction concentration 
is 0.002 M, What is the pseudo first order rate 
constant? 

Q.3 The decomposition of a compound P at 
temperature T according to the equation 

2P(g)- > 4Q(g) + R(g) + S(l) 

is the first order reaction After 30 minutes from 
the start of decomposition in a closed vessel 
the total pressure developed is found to be 317 
mm Hg and after a long period of time the total 
pressure observed to be 617 mm Hg. Calculate 
the total pressure of the vessel after 75 minute, 
if volume of liquid S is supposed to be 
negligible Also calculate the tiny fraction ti/s 
Given. Vapor pressure of S {£) at temperature T 

= 32.5 mm Hg. 

Q.4A certain reactant B n+ is getting converted 
to B (n + 4)+ in solution. The rate constant of this 
reaction is measured by titrating a volume of 
the solution with a reducing reagent which only 
reacts with B n+ and B (n+4)+ . In this process, it 
converts B n+ to B ( "- 2)+ and B (n +4)+ to B (n - 1)+ . 

At t = 0. the volume of the reagent consumed 
is 25 ml and at t = 10 min, the volume used up 
is 32 ml. Calculate the rate constant of the 
conversion of B n+ to B (n + 4)+ assuming it to be 
a first order reaction. 

Q.5 Decomposition of H 2 O 2 is a first order 
reaction. A solution of H 2 O 2 labelled as 20 
volumes was left open Due to this, some H 2 O 2 
decomposed To determine the new volume 
strength after 6 hours. 10 mL of this solution 
was diluted to 100 mL lOmL of this diluted 
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solution was titrated against 25mL of 0.025 M 
KMnCU solution under acidic conditions. 
Calculate the rate constant for decomposition 
of H 2 O 2 . 

Q.6A metal slowly forms an oxide film which 
completely protects the metal when the film 
thickness is 3.956 thousand times of an inch. If 
the film thickness is 1.281 thou, in 6 weeks, how 
much longer will it be before it is 2.481 thou.? 
The rate of film formation follows first order 
kinetics. 

Q.7 An optically active compound A upon acid 
catalyzed hydrolysis yield two optically active 
compound B and C by pseudo first order 
kinetics. The observed rotation of the mixture 
after 20 min was 5° while after completion of 
the reaction it was - 20°. If optical rotation per 
mole of A, B & C are 60°, 

40° & - 80°. Calculate half-life of the reaction. 

Q.8 A vessel contains dimethyl ether at a 
pressure of 0.4atm.Dimethyl ether decomposes 
as 

CH 3 OCH 3 (g)->CH 4 (g) + CO(g) + H 2 (g). The 

rate constant of decomposition is 4.78 x 10" 3 
min -1 . Calculate the ratio of initial rate of 
diffusion to rate of diffusion after 4.5 hours of 
initiation of decomposition. 

Q.9 At room temperature (20°C) orange juice 
gets spoilt in about 64 hours. In a refrigerator 
at 3°C juice can be stored three times as long 
before it gets spoilt. Estimate (a) the activation 
energy of the reaction that causes the spoiling 
of juice (b) How long should it take for juice to 
get spoilt at 40°C? 

Q.10 A first order reaction, A B, requires 
activation energy of 70 kJ mol -1 When a 20% 
solution of A was kept at 25°C for 20 minutes, 
25% decomposition took place. What will be 
the percent decomposition in the same time in 
a 30% solution maintained at 40°C ? Assume 
that activation energy remains constant in this 
range of temperature. 

Q.ll Two reactions 

(i) A -> products 

(ii) B -» products, 
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follow first order kinetics The rate of the 
reaction (i) is doubled when the temperature is 
raised from 300 K to 310 K. The half-life for this 
reaction at 310 K is 30 minutes. At the same 
temperature B decomposes twice as fast as A. 
If the energy- of activation for the reaction (ii) 
is half that of reaction (i). Calculate the rate 
constant of the reaction (ii) at 300 K 

Q.12 A certain organic compound A 
decomposes by two parallel first order 
mechanism 



If ki: k 2 = 1: 9 and ki = 1.3 x 10 _5 s _1 . 

Calculate the concentration ratio of C to A, if an 
experiment is started with only A and allowed 
to run for one hour 

Q.13 The reaction cis - Cr(en) 2 (OH )2 < kl > 

k 2 

trans- Cr(en) 2 (OH )2 is first order in both 
directions At 25°C the equilibrium constant is 
0.16 and the rate constant ki is 3.3 x lO^s -1 . In 
an experiment starting with the pure cis form, 
how long would it take for half the equilibrium 
amount of the Trans isomer to be formed? 

Q.14 For a reversible first-order reaction 

i<i 

A r^ B 

ki = 10~ 2 s’ 1 and [B] eq /[A] eq = 4. If [A]o = 0.01 
mole L _1 and [B]o = 0, what will be the 
concentration of B after 30 s? 

Q.15 For the system A(g) 1 B(g), AH for the 
forward reaction is -33kJ/mol (Note. AH = AE 
in this case). 

Show that equilibrium constant 

K = — = 5.572 x 10 5 at 300 K. If the activation 
[A] 

energies E r 8i Eb are in the ratio 20: 31. 
Calculate E r and Eb at this temperature .Assume 
that the pre-exponential factor is the same for 
the forward and backward reactions 

Q.16 The complex [Co(NH 3 )sF] 2+ reacts with 
water according to the equation 
[Co(NH 3 ) 5 F] 2+ + H 2 O [Co(NH 3 )5(H 2 0)] 3+ + F” 


The rate of the reaction = rate const. 
x[complex) a x[H + ] b . The reaction is acid 
catalysed i.e. [H + ] does not change during the 
reaction. 

Thus rate = k[Complex] a 

where k' = k[H + ] b calculate 'a' and 'b' given the 

following data at 25°C. 

[Complex]M [H + ]M T 1/2 hr T 3/4 hr 

0.1 0.01 1 2 

0.2 0.02 0.5 1 


Q.17 For the two parallel reactions A———»B 

and A——— >C, show that the activation 

energy E' for the disappearance of A is given in 

terms of activation energies Ei and E 2 for the 

, . kiEi + k,E, 

two paths by E' = -— 

k-L + k 2 


Q.18 For the mechanism 
A + B <==±C; C —D 

(a) Derive the rate law using the steady-state 
approximation to eliminate the concentration 
of C. 

(b) Assuming that k 3 << k 2 , express the pre¬ 

exponential factor A and E a for the apparent 
second order rate constant in terms of Ai, A 2 
and A3 and E a i, E a 2 , and E a 3 for the three steps. 
Q.19 The reaction of formation of phosgene 
from CO and CI 2 is CO + CI 2 -» COCI 2 

The proposed mechanism is 

(i) CI 2 <===^2CI (fast equilibrium) 

(ii) Cl + CO < 2 2 > COCI (fast equilibrium) 


(iii) COCI + CI 2 ks > COCI 2 +CI (slow) 

Show that the above mechanism leads to the 


following rate law 


Where K = k. 


d[COCI 2 ] 


dt 

ki 


k-2Vk-l 


1/2 


K[CO][CI 2 ] 3/2 . 


Q.20 For the following first order gaseous 
reaction 


ki 


A(g)— 


*2B(g 


k2 


*C(g) 
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The initial pressure in a container of capacity V 
litres is 1 atm. Pressure at tune t = 10 sec is 1.4 
atm and after infinite time it becomes 1.5 
atmosphere. Find the rate constant ki and k 2 
for the appropriate reaction. 

Q.21 A first order reaction takes 69.3 minutes 
for 50% completion. How much time will be 
needed for 80% completion? 

Q.22 The specific rate constant for a reaction 
increases by a factor 4, of the temperature is 
changed from 27°C to 47°C. Find the activation 
energy for the reaction 

Q.23 The reaction 2A+ B + C- > D + 2 E is of 

first order with respect to A. of second order 
with respect to B and is of zero order with 
respect to C 

(i) Write down the rate law for the reaction 

(ii) What will be the effect of doubling 
concentration of A. B and C. 

Q.24 A first order reaction is 50% completed in 
30 min at 27°C and in 10 minutes at 47°C. 
Calculate the rate constant at 27°C and the 
energy- of activation of the reaction in kJ per 
mole 


Q.29 What will be initial rate of a reaction if its 
rate constant is 10“ 3 min -1 and concentration 
of reactant is 0.2 mol dm -3 . How much of 
reactant will be converted into products in 200 
minutes. 

Q.30 A first order reaction is 20% complete in 
10 minutes. Calculate 

(a) Specific rate constant of the reaction and 

(b) Time taken for the reaction to go to 75 % 
completion 


Q.25 The optical rotation of sucrose in 0.5 M 
HCI at 35° C at different time intervals are given 
below. Show that the reaction follows first 
order kinetics 


Time 

(min) 

0 

10 

20 

30 

40 

00 

Rotation 

(degrees) 

+32. 

4 

+28.8 

+25.5 

+22.4 

+ 19.6 

-11.1 


Q.26 ti /2 of a reaction is halved as the initial 
concentration of the reaction is doubled, find 
out the order of the reaction. 

Q.27 The rate constant of a reaction is 

1.5 - 10- 7 sec' 1 at 50°C and 

4.5 x 10" 7 sec -1 at 100°C. Evaluate the Arrhenius 
parameters A and Ea. 

Q.28 A substance reacts according to the law 
of firs: order reaction the velocity constant of 
the reaction is 1.0 x 10 -2 sec -1 . If initial canc. of 
the substance is 1.0 M 

(a) Find out the initial rate 

(b) Find out the rate after 1 min. 
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EXERCISE 2 JEE MAIN 

Q.l For the reaction A + B- > C; starting with 

different initial concentration of A and B, initial 
rate of reaction were determined graphically in 
four experiments._ 


s. 

No. 

[A]o/M 
(Initial cone.) 

[B]o/M 

(Initial cone.) 

rate/ 
(M sec" 
x ) 

1 

1.6 xlO- 3 

5 x 10" 2 

no 

1 

o 

\— 1 

2 

3.2 xlO -3 

5 x 10 -2 

4 xl0“ 3 

3 

1.6 xlO' 3 

lO' 1 

2 x 10" 3 

4 

3.2 xlO" 3 

IQ' 1 

8xl0" 3 


Rate law for reaction from above data is 


(A) r = k[A] 2 W 2 (B) r = k[A] 2 [B] 

(C) r = k[ A] [B] 2 (D) r = k[A][B] 

Q.2 The rate law for a reaction between the 
substances A and B is given by rate = k [A] n [B] m 
On doubling the concentration of A and 
halving the concentration of B, the ratio of the 
new rate to the earlier rate of the reaction will 
be as 

(A) 2 (n “ m) (B)l/2 m + n 

(C) (m + n) (D) (n - m) 

Q.B In a first order reaction, the concentration 
of the reactant, decreases from 0.8 to 0.4 M in 
15 minutes. The time taken for the 
concentration to change from 0.1 M to 0.025 M 
is 

(A) 30 minutes (B) 15 minutes 

(C) 7.5mnutes (D) 60 minutes 

Q.4 The rate equation for the reaction 

2A + B- > C is found to be: rate=k [A] [B] The 

correct statement in relation to this reaction is 

(A) Unit of k must be s" 1 

(B) ti /2 is a constant 

(C) Rate of formation of C is twice the rate of 
disappearance of A 

(D) Value of k is independent of the initial 
concentration of A and B 

Q.5 ti /4 can be taken as the time taken for the 
concentration of a reactant to drop to 3/4 of its 
value. If the rate constant for a first order 
reaction is k, the ti/4 can be written as 
[In2 = 0.695, In = 1.1] 

(A) 0.69/k (B) 0.75/k 

(C) 0.10/k (D) 0.29/k 
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Q.6 A reaction was found to be second order 
with respect to the concentration of carbon 
monoxide. If the concentration of carbon 
monoxide is doubled, with everything else kept 
the same, the rate of reaction will 
(A) Double (B) Remain unchanged 

(C) Triple 

(D) Increase by a factor of 4 

Q.7 For a hypothetical reaction, 

A + 3B -> P AH = -2x kJ/mole of A 
& M ->2Q + R AH = -x kJ/mole of M 
If these reactions are carried simultaneously in 
a reactor such that temperature is not 
changing. If rate of disappearance of B is 
y M sec -1 then rate of formation (in M sec -1 ) of 

Q is: 

(A) |y (B)|y 

(C)|y (D)|y 

Q.8 Gaseous reaction A-> B + C follows first 

order kinetics. Concentration of A changes 
from 1M to 0.25 M in 138.6 minutes. Find the 
rate of reaction when concentration of A is 
0.1 M. 

(A) 2 x 10“ 3 M min” 1 (B) 10“ 3 M min” 1 

(C) lO^M min" 1 (D) 5 x lO^M min' 1 

Q.9 The initial rate of zero-order reaction of the 

gaseous reaction A(g)-> 2B(g) is 

10" 2 M min -1 . If the initial concentration of A is 
0.1M. What would be the concentration of B 
after 60 sec? 

(A) 0.09 M (B) 0.01 M 

(C) 0.02 M (D) 0.002 M 

Q.10 Consider the following first order 
competing reactions: 

X kl > A + B and Y k2 > C + D 
if 50% of the reaction of X was completed 
when 96% of the reaction of Y was completed 
the ratio of their rate constants (k 2 /ki) is 
(A) 4.06 (B) 0.215 

(3) 1.1 (D) 4.65 

Q.ll At certain temperature, the half life period 
for the thermal decomposition of a gaseous 
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substance depends on the initial partial 

pressure of the substance as follows 

P(mm Hg) 500 250 

ti/ 2 (in min) 235 950 

Find the order of reaction 

[Given log(23.5) = 1.37; log (95)= 1.97; 

log 2 = 0.30] 

(A) 1 (B)2 (C) 2.5 (D)3 

Q.12 Consider the reaction: A- > B + C 

Initial concentration of A is 1M. 20 minutes 
time is required for completion of 20% e 
reaction. 

If = Slt^l k[A], then half life (ti/2) is 
dt 

(A) 55.44 min (B) 50 min 
C) 62.13 min (D) None of these 

Q.13 If decomposition reaction A(g)- > B 

(g) follows first order kinetics then the graph of 
rate of formation (R) of B against time t will be 



Q.14 The rate constant for the forward reaction 

A(g)->2B(g) is 1.5 x 10" 3 s' 1 at 100 K. If 10" 5 

moles of A and 100 moles of B are present in a 


10 litre vessel at equilibrium then rate constant 
for the backward reaction at this temperature 
is 

(A) 1.50 x 10 4 L mol' 1 s' 1 

(B) 1.5 x 10 n L moh 1 s' 1 

(C) 1.5 x 10 10 L moh 1 s' 1 

(D) 1.5 x 10 _11 L mol” 1 s” 1 

Q.15 Reaction A + B - > C + D follows 

following rate law: rate = k[A] 1/2 [B] 1/2 . Stating 
with initial cone, of 1M of A and B each, what is 
the time taken for concentration of A to 
become 0.25 M. 

Given: k = 2.303 x 10" 3 sec -1 
(A) 300sec. (B) 600 sec. 

(C) 900 sec. (D) 1200 sec. 

Q.16 The reaction A (g)- > B(g) + 2C (g) is a 

first order reaction with rate constant 
3.465 x 10- 6 s _1 .Starting with 0.1 mole of A in 2 
litre vessel, find the concentration of A after 
200 sec, when the reaction is allowed to take 
place at constant pressure and temperature 
(A) 0.05 M (B) 0.025 M 

(C) 0.0125 M (D) None of these 

Q.17 In respect of the equation 
k = A exp (- Ea / RT), which one of the following 
statements is correct? 

(A) R is Rydberg's constant 

(B) k is equilibrium constant 

(C) A is adsorption factor 

(D) E a is the energy of activation 

Q.18 Rate of a reaction can be expressed by 
Arrhenius equation as k = Ae _E/RT 
In this equation, E represents 

(A) The fraction of molecules with energy 
greater than the activation energy of the 
reaction 

(B) The energy above which all the colliding 
molecules will react 

(C) The energy below which colliding molecules 
will not react 

(D) The total energy of the reacting molecules 
at a temperature. T 

Q.19 The rate constant, the activation energy 
and the Arrhenius parameter (A) of a chemical 
reaction at 25°C are 
3.0 x IQ- 4 s' 1 ,104.4 kJmol -1 and 
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6.0 x 10 4 S 1 respectively. The value of the rare 
constant at T -> oo 

(A) 2.0 x lO^V 1 (B) 6.0 x lO^s” 1 

(C) Infinity (D) 3.6 x lO^s" 1 

Q.20 A first order reaction is 50% completed in 
20 minutes at 27°C and in 5 min at 47°C. The 
energy of activation of the reaction is 

(A) 43.85kJ/mol (B) 55.14kJ/mol 

(C) 11.97kJ/mol (D) 6.65kJ/mol 

Q.21 For the first order reaction A-» B + C, 

carried out at 27°C if 3.8 x 10“ 16 % of the 
reaction molecules exists in the activated state, 
the E a (activation energy) of the reaction is 
[log 3.8 = 0.58] 

(A) 12 kJ/mole (B) 831.4kJ/mole 

(C) 100 kJ/mole (D)88.57kJ/mole 

Q.22 In a reaction carried out at 400 K. 0.0001% 
of the total number of collisions are effective. 
The energy of activation of the reaction is 

(A) zero (B) 7.37k cal/mol 

(C) 9.212 k cal/mol (D) 11.05k cal/mol 

Q.23 Select incorrect statement(s) 

(A) Unit of pre-exponential factor (A) for 
second order reaction is mol L _1 s _1 

(B) A zero-order reaction must be a complex 
reaction 

(C) Molecularity is defined only for RDS in a 
complex reaction 

(D) Decay constant (X) of radioactive substance 
is affected by temperature 

Q.24 In a consecutive reaction system 
A—^-»B—-— >C when Ei is much greater 
than E 2 , the yield of B increase with 

(A) Increase in temperature 

(B) Decreases in temperature 

(C) Increase in initial concentration of A 

(D) Decrease in initial concentration of A 

Q.25 Which of the following is/are correct 
statement? 

(A) Stoichiometry of a reaction tells about the 
order of the elementary reaction. 

(B) For a zero-order reaction, rate and the rate 
constant are identical 

(C) A zero-order reaction is controlled by 
factors other than concentration of reactants. 


(D) A zero-order reaction is always elementary 
reaction 

(A) Statement-1 is true, statement-2 is true and 
statement-2 is correct explanation for 
statement-1 

(B) Statement-1 is true, statement-2 is true and 
statement-2 is NOT the correct explanation for 
statement-1 

(C) Statement-l is true, statement-2 is false. 

(D) Statement-1 is false, statement-2 is true 
Q.26 Statement-1: The time of completion of 
reaction of type A -> product 

(order < 1) may be determined. 

Statement-2: Reactions with order > 1 are 
either too slow or too fast and hence the time 
of completion cannot be determined 

Q.27 Statement-1: A catalyst provides an 
alternative path to the reaction in which 
conversion of reaction into products takes 
place quickly 

Statement-2: The catalyst forms an activated 
complex of lower potential energy with the 
reactants by which more number of molecules 
are able to cross the barrier per unit of time. 

Paragraph 1 

Oxidation of metals is generally a slow 
electrochemical reaction involving many steps. 
These steps involve electron transfer reactions. 
A particular type of oxidation involve overall 
first order kinetics with respect to fraction of 
unoxidised metal (1 - /) surface thickness 
relative to maximum thickness (T) of oxidised 
surface, when metal surface is exposed to air 
for considerable period of time 

jr 

Rate law: — = k(l - /), where f = x/T, 
dt 

x = thickness of oxide film at time't' 

& T = thickness of oxide film at t = co 
A graph of ln( 1 - /) vs t is shown a the adjacent 
figure 
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Q.28 The time taken for thickness to grow 
50%of T is 

(A) 23.1 hrs (B) 46.2hrs 

(C) 100 hrs (D) 92.4 hrs 

Q.29 The exponential variation of 'f with t(hrs) 
is given by 

(A) [1 - e - 3t/20 °] (B) e - 3,/200 -l 

(C) e -3t/200 (D) e 3t/200 


constant pressure & at 298 K then find the 
concentration of B after 100 min. 

(A) 0.04 M (B) 0.36 M 

(C) 0.09 M (D) None of these 


Paragraph 2 

A reaction is said to be first order if it's rate is 
proportional to the concentration of reactant. 
Let us consider a reaction 

A(g) -> B(g) + C(g) 

At t = 0 a 0 0 

At time t a - x x x 

The rate of reaction is oven by the expression 
d x 

— =k(a - x) and integrated rate equation for 
dt 

a given 

reaction is represented as k ln^——j 

where a = initial concentration and 
(a - x) = concentration of A after time t. 

Q.30 Thermal decomposition of compound X is 
a first order reaction If 75% of X is decomposed 
in 100 min. How long will it take for 90% of the 
compound to decompose? Given: log 2 = 0.30 
(A) 190 min (B) 176.66 min 

(C) 166.66 min (D) 156.66 min 

Q.31 Consider a reaction A(g)-» 3B(g) + 

2C(g) with rate constant 1.386 x l -2 min -1 . 
Starting with 2 moles of A in 12.5 litre vessel 
initially, if reaction is allowed to takes place at 
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PREVIOUS YEARS' QUESTIONS JEE MAIN 


Q.l For a reaction 


5 * 


2B, rate of 


disappearance of 'A' is related to the rate of 
appearance of B' by the expression [2008] 


(A)- 


d[A] 1 d[B] 
dt ~ 4 dt 
(C) d[A] <| d[B] 


dt 


dt 


d[A] d[B] 
dt dt 
d[A] 1 d[B] 
2 dt 


(B)- 


(D) - TT = 


dt 


Q.2 The rate of a chemical reaction doubles 
for every 10° C rise of temperature. If the 
temperature is raised by 50° C, the rate of the 
reaction increases by about [2011] 

(A) 10 times (B) 24 times 

(C) 32 times (D) 64 times 

Q.3 In a first order reaction the concentration 
of reactant decreases from 800mol/dm 3 to 
50 mol/dm 3 in 2 x 10 2 sec. The rate constant 
of reaction in sec -1 is [2003] 

(A) 2 x 10 4 (B) 3.45 x 10- 5 

(C) 1.386 x IQ- 2 (D) 2X10- 4 


(A) Can never be a second order reaction 

(B) Can never be a unimolecular reaction 

(C) Can never be a bimolecular reaction 

(D) Can never be a first order reaction 

Q.8 A reaction was found to be second order 
with respect to the concentration of carbon 
monoxide. If the concentration of carbon 
monoxide is doubled, with everything else 
kept the same, the rate of reaction will 

[ 2006] 

(A) Remain unchanged (B) Triple 

(C) Increase by a factor of 4 (D) Double 

Q.9 For the reaction A + 2B -» C, rate is given 
by R = [A][B] 2 then the order of the reaction is 

[ 2002 ] 

(A) 3 (B) 6 (C) 5 (D) 7 

Q.lOThe following mechanism has been 
proposed for the reaction of NO with Br 2 to 

from NOBr: NO(g) + Br 2 (g) <-» NOBr 2 (g) 


Q.4 Consider the reaction, 

2 A + B -> Products 

When concentration of B alone was doubled, 
the half-life did not change. When the 
concentration of A alone was doubled, the 
rate increased by two times. The unit of rate 
constant for this reaction is [2007] 

(A) L moh 1 s' 1 (B) No unit 

(C) mol L- 1 s' 1 (D) s' 1 

Q.5 The rate constant for the reaction, 

2N 2 C>5 -» 4N0 2 +0 2 is 3 x 10" 5 sec -1 . If the rate 
is 2.40 x 10 _5 mol litre -1 sec -1 . 

Then the concentration of N 2 Os 
(in mol litre -1 ) is 

[ 2001 ] 

(A) 1.4 (B) 1.2 (C) 0.04 (D) 0 

Q.6 The half-life period of a first order 
chemical reaction is 6.93 minutes. The time 
required for the completion of 99% of the 
chemical reaction will be (log 2 = 0.301) 

[2009] 

(A) 230.3 minutes (B) 23.03 minutes 
(C) 46.06 minutes (D) 460.6 minutes 

Q.7 A reaction involving two different 
reactants [2005] 


NOBr 2 (g) + NO(g) -> 2NOBr (g) 

If the second step is the rate determining step, 
the order of the reaction with respect to NO(q) 
is [2006] 

(A) 1 (B) 0 (C) 3 (D) 2 

Q.ll Consider the reaction 

Cl 2 (aq) + H 2 S(aq) —» S(s) + 2H + (aq) + 2CI - (aq) 

The rate equation for this reaction is 
rate = k[CI 2 ][H 2 S) 

Which of these mechanisms is/are consistent 
with this rate equation 

A. Cl 2 + H 2 S -> H + +CI - + Cl - + HS - (slow) 

Cl + + HS - -» H + + Cl - + S (fast) 

B. H 2 S + HS - (fast equilibrium) 

Cl 2 + HS - -> 2CI" + H + + S (slow) [2010] 

(A) A only (B) B only 

(C) Both A and B (D) Neither A nor B 

Q.12 The time for half life period of a certain 

reaction A- > Products is 1 hour. When the 

initial concentration of the reactant 'A' is 2.0 
mol L -1 , how much time does it take for its 
concentration to come for 0.50 to 
0.25 mol L -1 if it is a zero order reaction [2010] 
(A) 1 h (B) 4h (C) 0.5h (D) 0.25 h 
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Q.13 The energies of activation for forward 

and reverse reactions for A 2 + B 2 -»2AB 

are 180kJ mol -1 and 200kJ mol -1 respectively. 
The presence of catalyst lowers the activation 
energy of both (forward and reverse) 
reactions by 100 kJ mol -1 . The enthalpy 

change of the reaction (A 2 + B 2 - > 2AB) in 

the presence of catalyst will be (in kJ mol -1 ) 

[2007] 

(A) 300 (B) 120 (C) 280 (D) 20 

Q.14 Consider an endothermic reaction X -> Y 
with the activation energies Eb and Ef for the 
backward and forward reactions, respectively, 
in general [2005] 

(A) E b < E f (B) Eb >E f (C) Eb=E f 

(D) There is no definite relation between Eb 
and Ef 

Q.15 If T is the intensity of absorbed light and 
C is the concentration of AB for the 
photochemical process AB + ho -> AB*, the 
rate of formation of AB* is directly 
proportional to [2001] 

(A) C (B) I (C) I 2 (D) C.I 
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EXERCISE 1JEE ADVANCED 

Q.l Ammonia and oxygen reacts at higher 
temperatures as 

4NHs(g) + 50 2 (g)-> 4NO(g) + 6H 2 0(g) 

In an experiment, the concentration of NO 
increases by 1.08 x 10 -2 mol litre -1 in 
3 seconds. Calculate 

(i) rate of reaction, (ii) rate of disappearance 
of ammonia (iii) rate of formation of water 

Q.2 In the following reaction 

2H 2 0 2 ->2H 2 0 + O 

rate of formation of 0 2 is 3.6 M min -1 

(i) What is rate of formation of H 2 0 ? 

(ii) What is rate of disappearance of H 2 0 2 ? 

Q.3 In a catalytic experiment involving the 
Haber process N 2 + 3H 2 -> 2 NH 3 , the rate of 
reaction was measured as 

Rate = = 2 x 10 -4 mol L -1 s -1 . 

At 

If there were no sides reactions, what was the 
rate of reaction expressed in terms of (a) N 2 , 
(b) H 2 ? 

Q.4 The reaction 2A + B + C-» D + E is 

found to be first order in A second order in B 
and zero order in C. (1) 

Give the rate law for the reaction in the form 
of differential equation. 

(ii) What is the effect in rate of increasing 
concentrations of A, B, and C two times? 

Q.5 At 27°C it was observed during a reaction 
of hydrogenation that the pressure of 
hydrogen gas decreases from 2 atmosphere 
to 1.1 atmosphere in 75 minutes. Calculate the 
rate of reaction (in M sec -1 ) and rate of 
reaction in term of pressure. 

Q.6 For the elementary reaction 2A + B 2 - > 

2AB. Calculate how much the rate of reaction 
will change if the volume of the vessel is 
reduced to one third of its original volume? 

Q.7 For the reaction 3BrO - - > BrO - 3 +2Br - in 

an alkaline aqueous solution the value of the 
second order (in BrO") rate constant at 80°C 
in the rate law for 


A[BrO~] 

At 


was found to be 0.056L mol 1 s 1 . 


What is the rate of constant when the rate law 
AtBrOj] A[Br - ] 

is written for (a) -— (b) - ? 

At At 


Q.8 Dinitropentoxide decomposes as follows: 
N 2 0 5 (g)- > 2N0 2 (g) + | 0 2 (g) 

Given that - d [N 2 Os]/dt = ki[N 2 Os] 
d[N0 2 ]/dt = k 2 [N 2 0 5 ]; d[0 2 ]/dt = k 3 [N 2 05] 
What is the relation between ki, k 2 and k 3 ? 

Q.9 Suppose that the Sum consists entirely of 
hydrogen atom and releases the energy by the 
nuclear reaction. 

4^H- >2 He with 26 MeV of energy 

released. If the total output power of the Sun 
is assumed to remain constant at 3.9 x 10 26 W 
find the time it will take to burn all the 
hydrogen. Take the mass of the Sum as 
1.7 x 10 30 kg. 

Q.10 The reaction A(g) + 2B(g)-> C(g) + 

D(g) is an elementary process. In an 
experiment, the initial partial pressure of A 8i 
B are Pa = 0.6 and Pb = 0.8 atm. Calculate the 
ratio of rate of reaction relative to initial rate 
when Pc becomes 0.2 atm. 

Q.ll In the following reaction, rate constant is 

1.2 x 10 -2 M s -1 A -> B. What is 

concentration of B after 10 and 20 min, if we 
start with 10 M of A. 

Q.12 For the following data for the zero order 

reaction A- > products. Calculate the value 

of k. 

Time(min) [A] 

0.0 0.10 M 

1.0 0.09 M 

2.0 0.08 M 

Q.13 The rate constant for a zero order 
reaction is 2 x 10 -2 mol L -1 sec -1 , if the 
concentration of the reactant after 25 sec is 
0.25 M, calculate the initial concentration. 

Q.14 A drop of solution (volume 0.10 ml) 
contains 6 x 10 -6 mole of H + , if the rate 
constant of disappearance of H + is 
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1 x 10 7 mole liter 1 sec 1 . How long would it 
take for H + in drop to disappear? 

Q.15 A certain substance A is mixed with an 
equimolar quantity of substance B. At the end 
of an hour A is 75% reacted Calculate the time 
when A is 10% unreacted. (Given: order of 
reaction is zero) 

Q.16 A first order reaction is 75% 
completed in 72min. How long time will it take 
for 

(i) 50% completion (ii) 87.5% completion 

Q.17 A first order reaction is 20% complete in 
10 min. calculate (i) the specific rate constant. 

(ii) the time taken for the reactions to go to 
75% completion. 

Q.18 Show that in case of unimolecular 
reaction, the time required for 99.9% of the 
reaction to take place in ten times that 
required for half of the reaction. 

Q.19 A first order reaction has a rate constant 
is 1.5 x 10 -3 sec -1 . How long will 5.0 g of this 
reactant take to reduce to 1.25 g? 

Q.20 A drug is known to be ineffective after it 
has decomposed 30%. The original 
concentration of a sample was 500 units/ml. 
When analyzed 20 months later, the 
concentration was found to be 420units/ml. 
Assuming that decomposition is of I order, 
what will be the expiry time of the drug? 

Q.21 A viral preparation was inactivated in a 
chemical bath. The inactivation process was 
found to be first order in virus concentration. 
At the beginning of the experiment 2.0% of 
the virus was found to be inactivated per 
minute. Evaluate k for inactivation process. 

Q.22 If a reaction A - > Products, the 

concentrations of reactant A are Co, aCo, a 2 Co, 

a 3 Co .after time interval 0, t, 2t, 3t,. 

where a is a constant. Given 0 < a < 1. Show 
that the reaction is of first order. Also calculate 
the relation in k. a and t. 

Q.23 The reaction 

S02Cb(g)-> S02(g) + Cb(g) is a first order 

gas reaction with k = 2.2 x 10“ 5 sec -1 at 320°C. 


What % of SO 2 CI 2 is decomposed on heating 
this gas for 90 min? 

Q.24 Two substances A(ti /2 = 5 mins) and 
B(ti/ 2 = 15 mins) follow first order kinetics are 
taken in such a way that initially [A]= 4 [B]. 
Calculate the time after which the 
concentration of both the substance will be 
equal. 

Q.25 At 800° C the rate of reaction 

2NO + H 2 -> N 2 + H 2 O 

Changes with the concentration of NO and H 2 
are 



[NO] in 
M 

[H 2 ] 
in M 

1 d[NO] 

2 dt 
in M sec -1 

(i) 

1.5 xlO- 4 

4 x 10- 3 

4.4 x 10- 4 

(ii) 

1.5 xlO- 4 

2 x 10“ 3 

2.2 x 10- 4 

(iii) 

3.0 xlO" 4 

2 x 10“ 3 

8.8 x IQ” 4 


(a) What is the order of this reaction? 

(b) What is the rate equation for the reaction? 

(c) What is the rate when 

[H 2 ] = 1.5 x 1-3 M and [NO] = 1.1 x r 3 M? 

Q.26 The data below are for the reaction if NO 
and CI 2 to form NOCI at 295 K 


Concentration of 
CI 2 [M] 

Concentration 
of NO 

Initial 

Rate 
(M s' 1 ) 

0.05 

0.05 

lxl0“ 3 

0.15 

0.05 

3 x 10" 3 

0.05 

0.15 

9xl0- 3 


(a) What is the order w. r.t. NO and CI 2 in the 
reaction. 

(b) Write the rate expression 

(c) Calculate the rate constant 

(d) Determine the reaction rate when 
concentration of CI 2 and NO are 0.2 M & 

0.4 M respectively. 

Q.27 The catalytic decomposition of N 2 O by 
gold at 900 °C and at an initial pressure of 200 
mm is 50% complete in 53 minutes and 73% 
complete in 100 minutes 

(i) What is the order of the reaction? 

(ii) Calculate the velocity constant 


18.11 


t^LANCESS 


www.plancess.com 























Chemical Kinetics 


(iii) How much of H 2 O will decompose in 100 
min. at the same temperature but at initial 
pressure of 600 mm? 

Q.28 The pressure of a gas decomposing at 
the surface of a solid catalyst has been 
measured at different times and the results are 
given below ____ 


t (sec) 

0 

100 

200 

300 

Pa(Pascal) 

no 

O 

\—1 

X 

3.5 xlO 3 

no 

O 
\—1 

X 

m 

2.5 xlO 3 


Determine the order of reaction, its rate 
constant. 


Q.29 The half -life period of decomposition of 
a compound is 50 minutes. If the initial 
concentration is halved, the half life period is 
reduced to 25 minutes. What is the order of 
reaction? 

Q.30 In this case we have 


A- > B + C 


q.: 

Time 

t 

00 

Total pressure of A + B +C 

P 2 

Ps 

Find k. 

31 A->B + C 

Time 

t 

00 

Total pressure of ( B +C) 

P 2 

p 3 

Find k. 

Q.32 A->B + C 


Time 

0 

t 


Volume of reagent 

Vi 

V 2 


The reagent reacts with A, B and C. Find k. 
[Assuming n-factor of A B & C are same] 


Q.33 A->2B + 3C 


Time 

t 

OO 

Volume of reagent 

Mi 

Vs 


The reagent reacts with A, B and C. 

Find k. [Assuming n-factor of A B & C are 
same] 


Q .34 S-» G + F 


Time 

t 

00 

Rotation of Glucose & 

Fructose 

ri 

Too 


Find k. 


Q.35 The reaction AsH3(g)->As(s) + ^ H 2 (g) 

was followed at constant volume at 310°C by 


measuring the gas pressure at intervals Show 
from the following figures that reaction is of 
first order. 


Time (in hrs) 

0 

5 

7.5 

10 

Total pressure 
(in min) 

758 

827 

856 

882 


Q.36 The thermal decomposition of dimethyl 
ether as measured by finding the increase in 
pressure of the reaction. 

(CH 3 )20(g)->CH 4 (g)+H 2 (g)+CO(g) 


at 500°C is as follow: 


Time (sec.) 

390 

1195 

3155 

00 

Pressure 

increase 
(mm Hg) 

96 

250 

467 

619 


The initial pressure of ether was 312 mm Hg. 
Write the rate equation for this reaction and 
determine the rate constant of reaction 


Q.37 From the following data show that 
decomposition of H 2 O 2 in aqueous is first 
order. 


Time in (minutes) 

0 

10 

20 

Volume (in c.c. of 
KMn0 4 ) 

22.8 

13.3 

8.25 


Q.38 The following data were obtained in 
experiment on inversion of cane sugar 


Time 

(minute 

0 

60 

120 

1805 

360 

00 

Angle of 

rotation 

(degree) 

+ 13.1 

+ 11.6 

+ 10. 

2 

+9.0 

+ 5. 

87 

3.8 


Show that the reaction is of first order. After 
what time would you expect a zero reading in 
polarimeter? 

Q.39 At 100°C the gaseous reaction 

A-> 2B + C was observed to be of first order. 

On starting with pure A it is found that at the 
end of 10 minutes the total pressure of system 
is 176 mm Hg and after a long time 270 mm 
Hg. From these data find (a) initial pressure of 
A (b) the pressure of A at the end of 
10 minutes (c) the specific rate of reaction and 
(d) the half-life period of the reaction? 

Q.40 The decomposition of N 2 O 5 according to 
the equation 
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2 N 2 O 5 (g)- > 4 N02(g) + 02 (g) is a first order 

reaction. After 30 min, from start of 
decomposition in a closed vessel the total 
pressure developed is found to be 284.5 mm 
Hg. On complete decomposition, the total 
pressure is 584.5 mm Hg. Calculate the rate 
constant of the reaction 

Q.41 A definite volume of H 2 O 2 undergoing 
spontaneous decomposition required 22.8 c.c. 
of standard permanganate solution for 
titration. After 10 and 20 minutes respectively 
the volumes of permanganate required were 
13.8 and 8.25 c.c. 

(a) Find order of reaction. How may the result 
be explained? 

(b) Calculate the time required for the 
decomposition to be half completed. 

(c) Calculate the fraction of H 2 O 2 decomposed 
after 25 minutes. 

Q.42 Hydrogen peroxide solution was stored 
in a mild steel vessel. It was found, however, 
that the hydrogen peroxide decomposed on 
the wall of the vessel (a first order reaction) An 
experiment with 100 ml of a solution gave 
10.31 ml oxygen (corrected to 1 atm 8 i 273 K) 
after 5.1 days. Find how long the peroxide can 
be stored before the loss of 20.00 ml oxygen 
occurs (per 100 ml solution) under similar 
storage conditions if complete decomposition 
of the sample to H 2 O 2 gave 46.34 ml oxygen. 


Q.45 



B 

C 


ki = x hr 1 ; ki : k 2 = 1: 10. Calculate — after 

[A] 

one hour from the start of the reaction. 
Assuming only A was present in the 
beginning. 


Q.46 How much time would be required for 
the B to reach maximum concentration for the 


reaction A———»B———»C. 

_. . I n2 . I n2 

Given ki = — k2 = — 

4 2 


Q.47 For first order parallel reaction ki and k 2 
are 8 and 2 min -1 respectively at 
300 K. If the activation energies 
for the formation of B and C are 
respectively 20 and 28.314 kJ/ 
mol respectively find the 
temperature at which B and C will be obtained 
in molar ratio of 2 : 1 . 

[Given: In4 = 1.4] 



Q.48 In gaseous reactions important for 
understanding the upper atmosphere, H 2 O 
and O react bimolecularly to form two OH 
radicals AH for This reaction is 72 kJ at 500 K 
and Ea = 77 kJ mol -1 , then calculate E a for the 
biolecular recombination of 20H radicals to 
form H 2 O 8 t O at 500 K. 


Q.43 The reaction A(aq)-> B (aq) + C (aq) is 

monitored by measuring optical rotation of 
reaction mixture as different time interval The 
species A. B and C are optically active with 
specific rotations 20°, 30° and - 40° 

respectively. Starting with pure A if the value 
of optical rotation was found to be 2.5° after 
6.93 minutes and optical rotation was -5° after 
infinite time. Find the rate constant for first 
order conversion of A into B and C. 


Q.49 The energy of activation of a first order 
reaction is 104.5 kJ mole -1 and pre - 
exponential factor (A) is 5 x 10 A 11 sec -1 . At 
what temperature, will the reaction have a 
half-life of 1 minute? 

Q.50 the specific rate constant for a 
reaction increases by a factor of 4. If the 
temperature is changed from 27°C to 47°C. 
Find the activation energy for the reaction 


Q.44 For a reaction 


x 



y 

Zt 


Calculate value of ratio, 


[x] t 

- 1 —at any given 

[y] + [z] yy 


instant 


Q.51 The energy of activation and specific rate 
constant for a first order reaction at 25°C are 
100 kJ/ mole and 3.46 x 10 -3 sec -1 
respectively. Determine the temperature at 
which half life of the reaction is 2 hours. 

Q.52 A catalyst lowers the activation energy 
for a certain reaction from 75 kJ to 
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25 kJ mol 1 . What will be the effect on the rate 
of reaction at 25°C after things being equal? 


rate = k[H 2 ] [I 2 ] distinguish among these 
mechanisms? 


(d) Can the observed rate law expression 


Q.53 Given that the temperature coefficient 
for the saponification of ethyl acetate by 
NaOH is 1.75. Calculate activation energy for 
the saponification of ethyl acetate. 


(e) If it is known that ultraviolet light causes 
the reaction of H 2 and I 2 to proceed at 200°C 
with the same rate law expression, which of 
these mechanisms becomes most 


Q.54 At 380°C the half-life period for the first improbable? 

order decomposition of H 2 O 2 is 360 min. The 

energy of activation of the reaction is 

200 kJ mol -1 . Calculate the time required for 

75% decomposition at 450°C. 

Q.55 The reaction 2NO + Br 2 -> 2NOBr, is 

supposed to follow the following mechanism 

(i) NO + Br 2 v faSt N NOBr 2 

(ii) NOBr 2 + NO slow > 2NOBr 
Suggest the rate law expression. 

Q.56 For the reaction 

2 H 2 + 2NO- > N 2 + 2 H 2 O, the following 

mechanism has been suggested 
2NO-»N 202 equilibrium constant Ki (fast) 

N 2 O 2 + H 2 N 2 O + H 2 O (slow) 

N 2 O + H 2 H 2 + H 2 O (fast) 

Establish the rate law for given reaction. 

Q.57 Reaction between NO and O 2 to form 

NO 2 is 2NO + O 2 -» 2 N 02 follows the 

following mechanism 

NO + NO v 1 — N 2 O 2 (in rapid equilibrium) 

N 2 O 2 + O 2 k2 > 2 NO 2 (stow) 

Show that the rate of reaction is given by 



Q.58 Deduce rate law expressions for the 
conversion of H 2 and I 2 to HI at 400°C 
corresponding to each of the following 
mechanisms: 

(a) H 2 + I 2 ->■ 2HI (one step) 

(b) I 2 -» 21 

21 + H 2 -» 2HI (slow) 

(c) I 2 -> 21 

I + H 2 - > IH 2 

IH 2 + I-> 2HI (slow) 
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EXERCISE 2 JEE ADVANCED 

Q.l The rate of a reaction is expressed in 
different ways as follows: 

, lfdtcn _ um) = i (dm = (dpn 
2 v dt J 3l dt J 4 V dt J V dt J 

The reaction is: 

(A) 4A + B- >2C + 3D 

(B) B + 3D->4A + 2C 

(C) A + B->C + D 

(D) B + D-> A +C 

Q.2 For the reaction system 

2 NO (g) + O 2 (g) -» 2NC>2(g) volume is 

suddenly reduced to half of its value by 
increasing the pressure on it. If the reaction is 
first order with respect to O 2 and second order 
with respect to NO the rate reaction will 

(A) Increase to four times of its initial value 

(B) Diminish to one-fourth of its initial value 

(C) Diminish to one-eight of its initial value 

(D) Increase to eight times of its initial value 

Q.3 The energies of activation for forward and 
reverse reactions for 

A 2 + B 2 2AB are 180 kJ mob 1 

and 200 kJmol -1 respectively. The presence of 

catalyst lower the activation energy of 

both(forward and reverse) reactions by 

100 kJ mol -1 . The magnitude of enthalpy 

change of the reaction 

(A2 + B 2 -> 2AB) in the presence of catalyst 

will be (in kJ mol -1 ). 

(A) 300 (B) 120 (C) 20 (D)-20 

Q.4 Which graph represents zero order 
reaction [A(g)- > B(g)] 

A 


- > 

t 






Q.5 Consider the reaction A -» B, graph 
between half-life(ti/ 2 ) and initial concentration 
(a) of the reaction is 



Hence graph between - 


d[A] 

dt 


and time will be 



V k 


(Q-^l 

dt 


t 


> 
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Q.6 The reactions of higher order are rare 
because 

(A) Many body collisions involve very high 
activation energy 

(B) Many body collisions have a very low 
probability 

(C) Many body collisions are not energetically 
favoured 

(D) Many body collisions can take place only in 
the gaseous phase. 

Q7 For the first order decomposition of 
S0 2 CI 2 (g). 

S0 2 CI 2 (g) -> S0 2 (g) + Cl 2 (g) 
a graph of log (ao - x) vs t is shown in figure. 
What is the rate constant (sec -1 )? 


Time (min) —> 



(A) 0.2 (B) 4.6 x 10- 1 

(C) 7.7 x 10- 3 (D) 1.15 x 10- 2 

Q.8 Decomposition of H 2 0 2 is a first order 
reaction. A solution of H 2 0 2 labelled as "16.8 V" 
was left open Due to this, some H 2 0 2 
decomposed. To determine the new volume 
strength after 2.303 hours. 20 mL of this 
solution was diluted to 100 mL 25 mL of this 
diluted solution was titrated against 37.5 mL of 
0.02 M KMnC >4 solution under acidic conditions 
[Given: STP is 1 atm and 273 K] 

The rate constant (in hr 1 ) for decomposition of 
H 2 0 2 is: 

(A) 0.15 (B) 0.30 (C) 0.60 (D) 1.3 

Q.9 The variation of concentration of A with 
time in two experiments starting with two 
different initial concentration of A is given in 

T^LANCESS" - 


the following graph. The reaction is 

represented as A (aq)- > B(aq). 

What is the rate of reaction (M/min) when 
concentration of A in aqueous solution was 1.8 
M? 



(A) 0.08 M min” 1 (B) 0.036 M min” 1 

(C) 0.13 M min” 1 (D) 1 M min” 1 

Q.10 The following mechanism has been 
proposed for the exothermic catalyzed 
complex reaction. 

A+B^===^IAB—Li—»AB+I—^» P+A 
If ki is much smaller than k 2 . The most suitable 
qualitative plot of potential energy (PE.) versus 
reaction coordinate for the above reaction. 




reaction coordinate 



reaction coordinate 
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reaction coordinate 


Q.ll The following mechanism has been 
proposed for the reaction of NO with Br 2 to 
form NOBr 

NO(g) + Br 2 (g) T ^ NOBr 2 (g) 

NOBr 2 (g) + NO(g)-> 2NOBr(g) 

If the second step is the rate determining step, 
the order of the reaction with respect to NO(g) 
is 

(A) 2 (B) 1 (C) 0 (D) 3 

Q.12 Choose the correct set of indentifications. 



reaction coordinate 



(1) 

(2) 

(3) 

(4) 

(A) 

AE for 

E+S—»ES 

Eafor 

ES—»EP 

AEoverall 

for S^P 

Ea for 

EP—»E+P 

(B) 

E a for 
E+S—»ES 

AE for 
E+S—»ES 

Eafor 

ES—»EP 

AEoverall 

for S^P 

(C) 

Eafor 

ES—»EP 

Eafor 

EP—»E+P 

AEoverall 

for S^P 

AE for 

EP—»E+P 

(D) 

Eafor 
E+S—»ES 

Eafor 

ES—»EP 

Eafor 

EP—»E+P 

AEoverall 

for S^P 

(E) 

AE for 
E+S—»ES 

AEoverall 

for S^P 

AE for 

EP—»E+P 

Eafor 

EP—»E+P 


Q.13 SO 3 gas is entering the environment at a 
constant rate of 6.93 x 10“ 5 gm/L/day due to 
the emission of polluting gases from thermal 
power plant but at the same time it is 
decomposing & following first order kinetics 
with half life of 100 days. 

Based on above information select the true 
statement (s). 


(A) Concentration of SO 3 in Kota is 
1.25 x 10“ 5 M (Assume SO 3 present in air 
reaches steady state) 

(B) If 10 3 L of air is passed through 1L pure 
water (assuming all SO 3 to be dissolved in it) & 
resulting solution is titrated against 1 N NaOH 
solution, 15 ml is required to reach end point 

(C) An industry is manufacturing H 2 SC> 4 at the 
rate of 980 kg per day with the use of SO 3 in 
air it should use 8 x 10 5 litre air/day 

(D) If SO 3 emission is stopped then after 
1000 days its concentrations will reduce to 

«1.2 x 1- 3 m. 


Q.14 For the reaction A- > B. the rate law 

expression is = k[A] 1/2 . If initial 

concentration of [A] is [A]o, then 

(A) The integrated rate expression is k= 

f(Aj»-A“) 

(B) The graph of ^/A Vs t will be 

(C) The half-life period ti/ 2 = —-— 

2[A]l /2 

(D) The time taken for 75% completion of 
reaction t3/4 = 



Q.15 Consider the reaction, 



k 2 =13.85x10 min" 1 


B 

C 


A, B and C all are optically acme compound. If 
optical rotation per unit concentration of A, B 
and C are 60°, -72°, 42° and initial 
concentration of A is 2 M then select write 
statements(s). 

(A) Solution will be optically active and dextro 
after very long time 

(B) Solution will be optically active and laevo 
after very long time 

(C) Half life of reaction is 15 min 
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(D) After 75% conversion of A in to B and C Statement-2: The threshold energy of forward 
angle of rotation of solution will be 36° reaction is more than that of backward reaction 


Q.16 Which of the following statement is 
incorrect? 

(A) The order of reaction is the sum of powers 
of all the concentration terms in the rate 
equation. 

(B) The order of reaction with respect to one 
reactant is the ratio of the change of logarithm 
of the rate of the reaction to the change in the 
logarithm of the concentration of the particular 
reactant, keeping the concentrations of all 
other react ants constant. 

(C) Orders of reactions cannot be fractional 

(D) The order of a reaction can only be 
determined from the stoichiometric equation 
for the reaction 


Paragraph-1: 

For a hypothetical elementary reaction 


ki -2B 


k?*2C 


where — = — 


Initial only 2 moles of A are 


present. 


Q.21 The total number of moles of A, B 8i C at 

the end of 50% reaction are 

(A) 2 (B) 3 (C) 4 (D) 5 

Q.22 Number of moles of B are 

(A) 2 (B) 1 (C) 0.666 (D) 0.33 


(A) Statement-1 is true, statement-2 is true and 
statement-2 is correct explanation for 
statement-1 

(B) Statement-1 is true, statement-2 is true and 
statement-2 is NOT the correct explanation for 
statement-1 

(C) Statement-1 is true, statement-2 is false. 

(D) Statement-1 is false, statement-2 is true. 
Q.17 Statement-1: A fractional order reaction 
must be a complex reaction. 

Statement-2: Fractional order of RDS equals to 
overall order of a complex reaction. 


Paragraph-2: 

The gaseous reaction: m A(g)- > n 2 B (g) is 

first order with respect to A. The true race 
constant of reaction is k. The reaction is studied 
at a constant pressure and temperature. 
Initially, the moles of A were 'a' and no B were 
present. 

Q.23 How many moles of A are present at time, 
t? 

(A) a • e kt (B) a-e^ 

(C) a-e""^ (D) a(l-e- n2kt ) 


Q.18 Statement-1: Temperature coefficient of 
a one step reaction may be negative 
Statement-2: The rate of reaction having 
negative order with respect to a reactant 
decreases with the increase m concentration of 
the reactant 

Q.19 Statement-1: The overall rate of a 
reversible reaction may decrease with the 
increase in temperature. 

Statement-2 : When the activation energy of 
forward reaction is less than that of backward 
reaction, then the increase in the rate of 
backward reaction is more than that of forward 
reaction on increasing the temperature 

Q.20 Statement-1: In a reversible endothermic 
reaction E of forward reaction is higher than 
that of backward reaction 


Q.24 If the initial volume of system were v 0 o 
then the volume of system after time, t, will be 


(A) 

r^v 

£ 


(B) 1 


n 2 




(C) 



r. 

rO 

v o 


+ 11 - 

1 


_"i 


nj 

(D) 


n 2 

( n 2 


v o 


+ 1- 

-i| 


n l 

U 

) 


Q.25 What will be the concentration of A at 
time t, if m = 1 and n 2 = 2 ? 

r e _kt 'I 

(A) [Ao] .e- kt (B) [A 0 ](J—kTj 
f e“ kt ^ 

(C) [Ao \Tr^J (D) [Ao](1 " 2 • e " kt) 

Paragraph-3: 

For the reaction sequential reaction 
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A kl > B > C 

the concentration of A, B & C at anytime't' is 
given by 

[A]i = [A] 0 e _kt ; [B]i = kl[A] ° [e^-e^] 

(k 2 -kj 

[C]i = [Ao] - ([A]i + [B]i) 

Q.26 The time at which concentration of B is 
maximum is 



Q.27 Select the correct option if ki = 1000s 1 
and k 2 = 20s -1 . 



(B) 


(C) 


(D) 



time 


Match the Column: 


Q.28 For the reaction of type A(g)-> 2B(g) 

Column - 1 contains four entries and Column - II contains four entries. Entry of column -I are to be 
m atched with only one entry of column-II __ 


Column-I 

Column-II 

(A) 

d[B] —d[A] , _ 

——vs —-— for first order 
dt dt 

(P) 

V 

< 

- > 

(B) 

[A] vs t for first order 

(Q) 

> 

< 

' ^ —. 

(C) 

[B] vs t for first order 

(R) 

> 

- > 
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Q.29 Column-I and Column-H Entry of Column-I are to be matched with one or more than one 
entries of Column-II and vice versa. 


Column-I (Graphs reaction A -» Products) 

Column-n (Co-ordinates) 

(A) 

V 

V, 

-. 

(P) 

In [A] (y-axis), t(x-axis)(order = 1) 

(B) 

V 

-> 

(Q) 

ti/ 2 (y-axis), [Ao] (x-axis) (order = 1) 

(C) 

V 

< 

- > 

(R) 

r(y-axis), t(x-axis)(order > 0) 

(D) 

V 

< 

(S) 

r(y-axis), t(x-axis)(order = 0) 




(T) 

ti/ 2 (y-axis), [Ao] (x-axis) (order > 1) 




(U) 

1 

(y-axis), t(x-axis)(order = 2) 




(V) 

r(y-axis), [A](x-axis)(order = 1) 



^- > 
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PREVIOUS YEARS' QUESTIONS JEE ADVANCED 


Q.l The rate constant of a reaction depends on 

(1981) 

(A) Temperature 

(B) Initial concentration of the reactants 

(C) Time of reaction 

(D) Extent of reaction 

Q.2 A catalyst is a substance which (1983) 

(A) Increases the equilibrium concentration of 
the product 

(B) Changes the equilibrium constant of the 
reaction 

(C) Shortens the time to reach equilibrium 

(D) Supplies energy to the reaction 

Q.3 If I is the intensity of absorbed light and C 
is the concentration of AB for the 
photochemical process. 

AB + hv -» AB*, the rate of formation of AB* is 
directly proportional to (2001) 

(A) C (B) I (C) I 2 (D) C.I 

Q.4 Which one of the following statements is 
incorrect about order of reaction? (2005) 

(A) Order of reaction is determined 
experimentally 

(B) Order of reaction is equal to sum of the 
power of concentration terms in differential 
rate law 

(C) It is not affected with stoichiometric 
coefficient of the reactants 

(D) Order cannot be fractional 

Q.5 Plots showing the variation of the rate 
constant (k) with temperature (T) are given 
below. The plot that follows Arrhenius equation 
is (2010) 


(A) 



(B) 



(C) 



(D) 



Comprehension (Q.6), (Q. 7), (Q.8) 

Carbon-14 is used to determine the age of 
organic material. The procedure is based on the 
formation of 14 C by neutron capture in the 
upper atmosphere. 

i N +Q n ->6 C +2 p 

14 C is absorbed by living organisms 
during photosynthesis. The 14 C content is 
constant in living organism once the plant or 
animal dies, the uptake of carbon dioxide by it 
ceases and the level of 14 C in the dead being, 
falls due to the decay which C-14 undergoes 


14 C- 

6 u 


->7 4 N + P“ 


The half-life period of 14 C is 5770 yr. 

The decay constant (X) can be calculated by 
using the following formula 
x _ 0.693 

Tl/2 

The comparison of the P“ activity of the dead 
matter with that of the carbon still in circulation 
enables measurement of the period of the 
isolation of the material from the living cycle. 
The method however, ceases to be accurate 
over periods longer than 30,000 yr. The 
proportion of 14 C to 12 C in living matter is 
1 :10 12 . (2006) 

Q.6 Which of the following option is correct? 

(A) In living organisms, circulation of 14 C from 
atmosphere is high so the carbon content is 
constant in organism 

(B) Carbon dating can be used to find out the 
age of earth crust and rocks 

(C) Radioactive absorption due to cosmic 
radiation is equal to the rate of radioactive 
decay, hence the carbons content remains 
constant in living organisms 

(D) Carbon dating cannot be used to determine 
concentration of 14 C in dead beings. 
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Q.7 What should be the age of fossil for 
meaningful determination of its age? 

(A) 6 yr (B) 6000 yr 

(C) 60,000 yr 

(D) It can be used to calculate any age 

Q.8 A nuclear explosion has taken place 
leading to increase in concentration of C 14 in 
nearby areas. C 14 concentration is Ci in nearby 
areas and C 2 in areas far away. If the age of the 
fossil is determined to be Ti and T 2 at the places 
respectively then 

(A) the age of fossil will increase at the place 
where explosion has taken place and 

T 1 -T 2 = —In — 

A, C 2 

(B) the age of fossil will decrease at the place 
where explosion has taken place and 

T 1 -T 2 = —In — 

A, C 2 

(C) the age of fossil will be determined to be 
the same 



Q.9 The concentration of R in the reaction 
R- > P was measured as a function of time 


and the following data o 


atained: 


[R] (molar) 

1.0 

0.7 

5 

0.40 

0.10 

t (min) 

0.0 

0.0 

5 

0.12 

0.18 


The order of the reaction is (2010) 


Q.10 Radioactive decay is a first order process. 
Radioactive carbon in wood sample decays 
with a half-life of 5770 yr. What is the rate 
constant (in yr -1 ) for the decay? What fraction 
would remain after 11540 yr? 

(1984) 


Q.ll A first order gas reaction has 
A' = 1.5 x 10" 6 per second at 200° C If the 
reaction is allowed to run for 10 h, what 
percentage of the initial concentration would 
have change in the product? What is the half- 
life of this reaction? 

(1987) 

Q.12 An experiment requires minimum beta 
activity produced at the rate of 346 beta 
particles per minute. The half-life period of 

T^LANCESS" - 
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42 M 0 " which is a beta emitter is 66.6 h. find the 
minimum amount of 42 M 0 " required to carry 
out the experiment in 6.909 h. (1989) 

Q.13 The gas phase decomposition of dimethyl 
ether follows first order kinetics 
CH 3 -0-CH 3 (g) -> CH 4 (g)+ H 2 (g)+CO(g) 

The reaction is carried out in a constant volume 
container at 500°C and has a half-life of 

14.5 min. Initially only dimethyl ether is present 

at a pressure of 0.40 atm. What is the total 
pressure of the system after 12 min? Assume 
ideal gas behaviour. (1993) 

Q.14 (a)The rate constant of a reaction is 

1.5 x 10 7 s' 1 at 50° C and 

4.5 x 10 7 s _1 at 100°C Evaluate the Arrhenius 

parameters A and E a . (1998) 

(b) For the reaction, 

N 2 O 5 (g)-» 2N0 2 (g) + | 0 2 (g) 

calculate the mole fraction N 20 s(g) 
decomposed at a constant volume and 
temperature, if the initial pressure is 600 mm 
Hg and the pressure at any time is 960 mm Hg. 
. Assume ideal gas behaviour. 


Q .15 2X(q)- > 3Y(g) + 2Z(g) 


Time (in min) 

0 

100 

200 

Partial pressure of X 
(in mm of Hg) 

800 

400 

200 


Assuming ideal gas condition. Calculate 

(A) Order of reaction 

(B) Rate constant 

(C) Time taken for 75% completion of reaction. 

(D) Total pressure when p x = 700 mm (2005) 
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PlancEssential Questions 


RECOMMENDED DURING REVISION 



EXERCISE 1JEE MAIN/BOARDS 


Q.l Q.4 Q.7 

Q.24 

Q.9 

Q.12 

Q.19 

EXERCISE 2 JEE MAIN 

Q.2 Q.10 Q.16 

Q.28 

Q.29 


PREVIOUS YEARS' QUESTIONS JEE MAIN 

Q.9 Q.14 Q.15 



EXERCISE 1 JEE ADVANCED 

Q.7 Q.9 Q.20 

Q.36 

Q.43 

Q.58(e) 

EXERCISE 2 JEE ADVANCED 

Q.8 Q.12 Q.23 

Q.24 

Q.28 



PREVIOUS YEARS' QUESTIONS JEE ADVANCED 
Q.12 Q.15 
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ANSWER KEY 

EXERCISE 1JEE MAIN/BOARDS 

Q.l. (a) 6.25 ; (b) 14.3; (c) 0 % 

Q.2. 2 x 10 “ 2 min -1 

Q.3. Pi = 379.55 mmHg, t 7/n = 399.96 min 

Q.4. 0.0207 min ' 1 

Q.5. k = 0.022 hr 1 

Q. 6 . 15.13 week 

Q.7. 20 min 

Q. 8 . 0.26:1 

Q.9. (a) 43.46 kJ mol ' 1 (b) 20.47 hour 
Q.10.% decomposition = 67.21 % 

Q.ll.k = 0 0327 min ” 1 
Q.12.0.537 
Q.13.4.83 mins 
Q.14.0 0025 m 

Q.15.E r =6 x 10 4 J; E b = 9.3 x 10 4 J 
Q.16.a = b= 1 

018 (a) = k i k 3 (A)(B) 

dt k 2 +k 3 


(b) Ea = Eal + Eas - E a 2 A = 

a 2 

Q.20. 0.0805 

Q.21.161 minutes 
Q.22. 55.33 kJ mole” 1 

Q.23.rate = K(A][13] 2 rate will became 8 times 
Q.24. K 27 = 3.85 x 10- 4 sec' 1 

K 47 = 11.55 x 10- 4 sec' 1 . 

E = 43.78 kJ/mol 

Q.25. It is first order kinetics with 
k = 8.64 x 10 - 1 
Q.26. 2 

Q.27. Ea = 2.2 x 10 4 
A = 5.42 x 10 10 

Q.28. (a) = 1 x 10 " 2 mol I " 1 s " 1 

(b) = 5.495 x 10 “ 3 mol” 1 1 " 1 s -1 
Q.29. Rate = 2 x 10 -4 mol dm " 3 min " 1 x = 
18.12% 

Q.30. k = 0.02231 min ” 1 1 = 62.07 min 


EXERCISE 2 JEE MAIN/BOARDS 


Q.l B Q.2 A 

Q.3 A 

Q.4 D Q.5 D 

Q. 6 D 

Q.7 C Q .8 B 

Q.9C 

Q.10 D Q.ll D 

Q.12C 

Q.13 C Q.14 D 

Q.15 B 

Q.16 A Q.17 D 

Q.18C 

Q.19 B Q.20 B 

Q.21C 

Q.22 D Q.23 A, C, D Q.24 A,C 

Q.25 A, B, C Q.26 C 

Q.31 B 

Q.27 A 

Q.28 B Q.29 A 

Q.30 C 

PREVIOUS YEAR QUESTIONS JEE MAIN 


Q.l A Q.2 C 

Q.3 C 

Q.4 A Q.5 D 

Q. 6 C 

Q.7 B Q .8 C 

Q.9 A 

Q.10 D Q.ll A 

Q.12 D 

Q.13 D Q.14 A 

Q.15 B 



EXERCISE 1 JEE ADVANCED 



_ ,. x Id NO „ 

4 dt 

4 mol litre 1 sec" 

_! Q.7. (a) 0.019 mol L -1 

(b) 0.037 mol L -1 

s -1 , 

s -1 

(ii) 36 x 10 " 4 mol litre -1 

sec -1 

Q. 8 . 2 ki= V .2 = 4 k 3 


(iii) 54 x 10 " 4 mol litre -1 

sec -1 

Q.9. 2.72 x 10 18 sec 


Q.2. (i) 7.2 mol litre -1 min -1 , 


Q.10.1/6 


(ii) 7.2 mol litre -1 min -1 


Q.ll.(i) 7.2 M, 

(ii) 10 M 

Q.3. (a) 1 x 10 -4 mol L -1 s -1 , 


Q.12.K= 0.01 M min -1 


(b) 3 x 10 -4 mol L -1 s -1 


Q.13.0.75 M 


dx 

Q.4. (i) — = k [A][B ] 2 
dt 


Q.14.6 x 10 -9 sec 

Q.15.1.2 hr 


(ii) Rate increases by 8 times 

Q.16.(i) 36 min (ii) 108 

min 

Q.5. 8.12 x 10 -6 Ms -1 , 0.012 atm min -1 

Q.17.(i) 0.0223 min -1 , 

(ii) 62.17 min 

Q. 6 . Rate increases by 27 times 

Q.19.924.362 sec 
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Q.20. Expiry time = 41 months 
Q.21.B.B x 10~ 4 s" 1 


Q.22. 


k = 


2.303, 

-log 

t 


1 

a 


Q.23.11.2% 

Q.24. 15 min 

Q.25. (a) Third order, (b) r = k[NO] 2 [H 2 ], 

(c) 8.85 xlO- 3 M sec' 1 
Q.26. (a) Order w.r.t. NO = 2 and 

w.r.t. Cl 2 = 1, 

(b) r = K[NO] 2 [CI 2 ], 

(c) K = 8 L 2 mo|- 2 s _1 , 

(d) Rate = 0.256 mole L" 1 s' 1 

Q.27. (i) First order 

(ii) k = 1.308 x 10- 2 min' 1 

(iii) 73% 

Q.28. (i) Zero order, (ii) K = 5 Pa/s 

Q.29.Zero order 


Q.30.k = -In—^- 

t 2(P 3 -P 2 ) 

Q.31.k =-| n ——— 

t (P 3 -P 2 ) 

Q.32.k = -In—^- 

t (2 V x -V 2 ) 

Q.33.k = -In 4Vl 

t 5(V 3 -V 2 ) 

Q.34.k = -In r - 


t (r — r,) 

v 00 1 7 

Q.35.First order 


Q.36 

Q.37 

Q.38 

Q.39 


Q.40 

Q.41. 


Q.42. 

Q.43 

Q.44, 


Q.45. 


(i) r = K[(CH 3 ) 2 0] 2 0.000428 sec' 1 
First order 
966 min 
(a) 90 mm, 

(b) 47 mm, 

(c) 6.49 x 10" 2 per minutes, 

(d) 10.677 min. 

ki =2.605 x 10" 3 min -1 

(a) first order, 

(b) 13.75 minutes, 

(c) 0.716 0.180 atm, 47.69 sec 
11.45 days 

0.1 min -1 
1 

;(Kl+K 2 ) t 

[C] 10 


[A] 11 


(e llx -1) 


Q.46. t = 4 min 
Q.47. 0379.75 K 

Q.48. 5 kJ moh 1 

Q.49. 349.1 K 

Q.50. 55.33 kJ mole” 1 

Q.51. 306 K 

Q.52. Rate of reaction increases 
5.81 x 10 8 times 
Q.53. 10.757 k cal mob 1 

Q.54. t=20.4 minutes 56. 2000 K 
Q.55. r = K' [NO] 2 [Br 2 ] 

Q.56. k = k 2 

Q.57. r = K[NO] 2 [H 2 ], where K=k 2 x Ki/k 1 
Q.58. (d) No, (e) mechanism (a) is incorrect 


EXERCISE 2 JEE ADVANCED 


Q.l B 

Q.2 D 

Q.3C 

Q.4D 

Q.5C 

Q.6B 

Q.7C 

Q.8C 

Q.9 A 

Q.10A 

Q.ll A 

Q.12 B 

Q.13 A, D 

Q.14 A,B,D 

Q.15 A, D 

Q.16 C, D 

Q.17C 

Q.18 D 

Q.19A 

Q.20 C 

Q.21 B 

Q.22 C 

Q.23 B 

Q.24 D 

Q.25 B 

Q.26 C 

Q.27 C 




Q.28 A-S, 1 

B-R, C-P, D-Q 

Q.29 A-P, B-Q, 

S C-R,T, D-V 



PREVIOUS YEARS' QUESTIONS JEE ADVANCED 


Q.l A 

Q.2 C 

Q.3 D 

Q.4D 

Q.5 A 

Q.6 A 

Q.7 B 

Q.8 A 

Q.9 0 

Q.10 0.25 

Q.ll 128.33h 


Q.12 3.56xl0" 16 

Q.13 0.75 atm 


Q.14 4.15xl0 3 

s' 1 , 0.375 

Q.15 (a) 1 

(b) 693x10-3 min’ 1 

(c) 200 min (d) 

950 mm 
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SOLUTIONS 

I EXERCISE-1JEE MAIN 


Sol.l (a) A + B -> C 

We have, first order in A and 0 order in B. 

Rate = = k[A] 1 [B] 0 = = - k[A] 

dt dt 

For first order reaction, we know 

[A] = [Ao] e~ kt 

We have, at t = 1 hour 

75% of A reacted 

[A] = Ao - 0. 75A = - Ao 
4 

-[Ao] = [Ao] e“ kt =>k = In 4 
4 

Now t = 2 hour, 

[A] _ g-2x|n 4 _ J_ 

[A„] 16 

[A] = 6. 25% of Ao 
6. 25% of A will be left unreacted 


(b) Here, reaction is first order in both A and B 

.-.Rate = ^ = k[A] [B] 
dt 

Since the initial concentration of A and B is the 
same and they have the same coefficient, their 
concentration will remain same of any time 


—d[A] 
dt 

[A] 


[Ac 


■ = k[A] 2 

j d[A] f 
' , [A] 2 J 


kdt 


1 +-^— - -k(t- 0) = kt 


[A] [A 0 ] 

At time t = 1 hour, [A] = 


[A 0 ] 


4 1 


[A 0 ] [A 0 ] 

3 


= -k 


k = 


[A 0 ] 

Now, at time t = 2 hours, 


-1 1 
- + - 


= - 2 . 


[A] [A 0 ] 

1 _ 7 

^[A] " [A 0 ] [A 0 ] 


[A 0 ] 

[A] 


[A 0 ] 

1_ 

7 


A left is — %or 14.3% 
7 


(c) If the reaction is 0 order 
d[A] 


Rate = 


[A] 


dt 


= k 


' J«AJ = | 

[A 0 ] 0 


kdt 


=> [A] - [Ao] = -kt 
=> [A] = [Ao]-kt 
Now, at time t = 1 hour 
[A 0 ] 


[A] = 
[A 0 ] 


4 

■ [Ao] = -k 


=>k = -7 [Ao] 

4 

We see that, if t or [A] = 0 

t = = — hours < 2 hours 

k 3 

The reactions will be finished before 2 hours 
and the 6 % of A will be left after 2 hours. 


Sol.2 CH 3 -CH 2 -N0 2 +0H" -> 

(A) 

CH3-CH-N02 + H 2 O 
Since this is a first order reaction 
[A] = [Ao] e“ kt 

1 

Now, we have, at time t = — minute, 

2 

[A] = 0. 99 [Ao] 

(•••1 % of nitroethane reacted) 

.-.0. 99 [Ao] = [Ao] e“ k1/2 

= logeCO. 99) 

= 0.01 min. 

2 


>k = 0. 02 min 


-1 


k = 2 x 10 2 min 1 


Sol.3 Here, since the volume of liquid is 
negligible and as the liquid begins to form, 
pressure due to liquid will always be equal to 
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32. 5 mm Hg. Now, let initial pressure of P(g) 
be Po mm Hg, then according to stoichiometry 
2P(g) -> 4Q(g) + R(g) + S(£) 

at time 

t = 0 min Po 0 0 0 

t = 30minPo-2x 4x x 32.5 


t = oo 


0 


2Po 


32. 5 


Now, we are given, Pt = 317 mm Hg at t=30 
min. 

.\Po-2x + 4x + x + 32. 5 = 317 
^Po + 3x = 284. 5...(i) 

at time, t = oo (very long time), 
Pt = 617 mm Hg 

.\2Po + ^ + 32. 5 = 617 
2 


5Pr 


0 _ 


584. 5 


=>Po = 233. 8 mm Hg 
Putting this in (i), we get, 

3x = 284. 5 - 233. 8 
=>x = 16. 9 

Now, since this is first order reaction, we have 

, 2.303, P 0 2.303, 233.8 

k= - log— = - log - 

t P p 30 233.8(2x16.9) 

=> k = 5.2 x 10 “ 3 min -1 

Now, at t = 75 min, we have 

, 2.303. P 0 

k _ iog - 

=> Pt = Po x 10- kt/2 303 

-52x10~ 3 x75 

= 233.8 x 10 2303 

Pt = 158. 22 m Hg 
=> Po - 2x = 158. 22 
233.8-158.22 


x = 


= 37. 78 


Now, total pressure at t = 75 min 
Pt = Po + 3x + 32. 5 
= 233. 8 + (3 x 37. 78) + 32. 5 
Pt = 379. 55 mm Hg 

time fraction, t 7/8 is time at which — th of 

8 


reaction gets completed, ie. P A = — 


Using rate law, — = Poe kt 
8 


. 2.303 . Q 

=>t = -log 8 


t = 399. 96 min. 


Sol.4 We have, the reaction as, 

B n+ -> B (n ' 2)t + 4e 
at time t =0 Vo 0 
total time 

t = 10 min Vo - x x 
Now, for titration, we have 

B n+ + 2e -> B 9n_2)+ 

From this, we see that for volume Vo of B n+ , 2V 

volume of titrant is used. 

at time t = 0, volume of titrant used = 25 mL 

=>2Vo = 25 mL 

=>Vo =12. 5 mL 

For titration of B (n_1)+ , we have 

g(n+4)t + 50 ^ g(n-1)e 

i.e. for volume V of B n+ + B (n+4)) , 5V volume of 
titrant is used. 

.-. at time t = 10 min, 

Volume of titrant used = 32 mL 
=>2(V 0 - x) + 5x = 32 
=>2Vo + 3x = 32 
=> 3 x = 32-25 
7 

=>x = — 

3 

Now, since this is a first order reaction, rate law 
is 


k = ^log A. 
t a v„ n+ 


2.303. 12.5 

-log- 

10 12.5.x 


= 0. 2303 log 


12.5 

12.5.- 




k = 0. 0207 min 

Sol.5 We have initially, volume strength = 20 
According to reaction 

H 2 O 2 -> H 2 O + -0 2 
2 2 

1 

1 mole (34g) of H 2 O 2 gives — moles of O 2 i. e. 
11. 21 at STP 

Now, volume strength is the volume of O 2 given 
by unit volume of H 2 O 2 
Let normality of H 2 O 2 = N 
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ti m weight 
Then, N = - - - 

Eq. weight 

=>weight = 17 N (equivalent weight = 17) 

Now, 34 g of H 2 O 2 gives 11.21 of O 2 

.-. 17 N g of H 2 O 2 gives-—- of O 2 

.. , , 11.2x17N _ . 

Volume strength = -—- = 5. 6 N 

Now, initially volume strength = 20 
20 

=>No = — = 3. 75 N 
5.6 

At time, t = 6 hours, let normality be N. 

Since, 10 mL of solution be diluted to 100 mL, 

Now normality = 1^12. = 0. 1 N 
y 100 

Now, since this is first order reaction, according 
to rate law, as N is proportional to number of 
moles of H 2 O 2 

, 2.303, N 0 2.303, 3.57 

k = -log— = -log- 

t N 6 3.125 


->B + C 


k = 0. 022 hr 


.-1 


S 0 I .6 We have for oxide film formation. 

k = ^Sog Tmax 


where, Tmax = maximum thickness of oxide film 
(at t -> 00) 

x = thickness at time t 
We are given 
3.956 


Tmax — 


1000 
1.281 


inch 


1000 


inch, at t = 6 weeks 


, 2.303, 3.956 

k = -log- 

6 3.956-1.281 

k = 0. 065 

Now, when, x = inch, we have 

1000 

n 2.303. 3.956 

0. 065= -log 


=>t = 


t 3.956-2.481 
2303 x 0.49 


0.065 
t = 15. 13 weeks 
t = 15. 13 weeks 
longer = 9. 13 weeks 

Sol.7 We have, 


Let initially x moles of A be present 


H + 


->B + C 


at t = 0 x 0 0 

at t = co 0 x x 

We know optical rotation of B and C are 40° 

and -80° respectively at completion, 

total optical rotation 

=> 40x - 80x = -10 

=> x = 0. 5 

Now, optical rotation at t = 0 
=> 60 x 0. 5 
= 30° 

Using first order rate law, 

k= 2M log 

t 'J,-0, 

0o = initial optical rotation 

0.693 0.693 1 

or ti /2 = —-— = —— + 


Putting values 
0.693 

tl/2 = —— + 


2.303 , M. 

et-0„ 


20 


2.303 , (30-1-20) 

y (5-1-20) 


since 0 = 5° 
at t = 20 min = 


ti /2 = 20 min 


0.3x20 

log2 


S 0 I .8 Since, volume and temperature is 
constant, we take P«n 

CH 3 OCH3(g)^CH 4 (g)+CO(g) + H2(g) 

at 

t = 0 0.4 0 0 0 

t = 4.5hr. 0.4-x x x x 

We are given k = 4. 78 x 10 -3 , since unit is 
min -1 . It is a first order reaction and 
Pa = Poe" kt 

= -4. 78 x 10" 3 x 4. 5 x 60 
=>Pa = 0. 7 e 
0. 4 - x = 0. 11 
^x = 0. 29 

Now, at t = 4. 5hr, mean molecular mass, M 2 
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_ ( p 0 - x ) m ch 3 och 3 + x.M C h 4 + M co + x + M 0 + xM H; 
P-x+x+x+x 

_ 0.11x46x0.29x16 + 0.29x28 + 0.29x2 
” 0.11 +0.29 + 0.29 + 0.29 

= 18. 77 

at t = 0, molecular mass 
Mi = M CH3 q CH3 = 46 

p t = 0. 4 - x + 3x = 0. 4 x 2x = 0. 98 
According to Graham's law 
P 


Rate of diffusion <x 


D(, . 

D t 

^ = 0. 26 
Dt 



0.4 

0.98 


Sol.9 (a)According to Arrhenius equation, we 
have 


log 


v 2 _ 


2.303 


1 1 


vTi 


T 


2 7 


Here, we have 

Ti = (273 + 20) K = 293 K 

T 2 = (273 + 3)K = 276 K 

3 

Putting values 

log 1 = _^ 

3 2.303x8.3141293 


276 


Ea = 


+(/og 3 x 2.303 x 8.314 x 293 x 276; 
17 


E a = 43. 46 kJ/mol 
(b)When T 2 = (273 + 40) K = 313K, 
We have, 


log 


2 _ 


43.460 


303x8.314(293 


1 


1 

313 


=>k 2 = 3312 ki 

1 

Further, as k cc - 

.•> = J^t 2 = 

U k. 


6.4 

3.12 


t 2 = 20. 47 hours 


Sol.10 We have, according to Arrhenius 
equation 


. k 2 E a ( 1 1 

log— = —-— 
a ^ 2.303R 


Vti 


l 2; 


Here, 

Ea = 70 ks mol -1 

ti = (273 + 25) K = 298 K 

t 2 = (273 + 40) K = 313 K 

Putting values 

. k 2 70000 ( 1 

log— = 


2.303x8.314 


298 


1 

313 y 


=>k 2 = 3. 87 ki 
Now, equation 
A -> B 

According to rate law 
[A] = [Ao] e~ kt 

At T = 298 K, k = ki,... t = 20 min, 

[A]=^l 

.-. - = e _k, ' 2 ° 

4 

=>ki = 0. 014 min -1 
.-. k 2 = 3. 87 ki = 0. 055 min -1 
Now, at T = 313 K, t = 20 min, 
k = 0. 055 min“ 

[A] = [Ao] e-°- 055 x 20 
[A] = 0. 3279 [Ao] 

.-. 67. 21 % of A got decomposed 

Sol.11 We have, according to Arrhenius 
equation 


iogr^- 


2 _ 


2.303R 


Ti 


T, 


For, A -» products 

if k at 310 K is taken to be k 

Then, k at 300 K is — 

2 

Putting this in equation, we get 

J_1_ 

300 310 


log 2 = 


Ea = 


2.303x8.314 

log2x 2.303x8.314x310x300 


10 


Ea = 53. 67 kJ/mol 

No we are also given at T = 310 K, 

ti/ 2 = 30 min 

. . k at 310 K = = 0.0231 min' 1 

^i/ 2 

At 310 K, for (ii) B -> products 
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k = 211 for (i) 

= 0. 0462 min -1 
Further, for (ii) 

(E a ) 


Ea 


26. 802 k J/mol 


Therefore, using Arrhenius equation, we get 
k _ 268.02 ( 1 1 

° 9 0.0769 ” 2.303x8.314^310 300 

k = 0. 0327 min- 1 


Sol.12 We are given, 


ki/B 


k 2 x C 

here, 

Jil = 1, k = 1.3 x 10" 5 s" 1 
k 2 9' 

Now, both are first order reactions 
. d[A] 


dt 


= -(ki + k 2 )[A] 


^ [A] = [Ao] e _(kl+k2)t 

Now, for A -> C, 

We have, — = k 2 [A] 
dt 


d[C] 
’ dt 

[C] 


= k 2 [Ao] e 


,-(k, +k 2 )t 


|d[C] = k 2 [A 0 ]Je“ (kl+k2)t dt 


_ k 2 [A 0 ] n q— (k-i +k 2 )t\ 


[C] = 2L UJ (1 ~e~^' +K2>l ) 
k, +k 2 

[C] = k 2 [A 0 ](1-e- (kl+k2)t ) 
[A] (k, +k 2 ).[A 0 ]e“ (kl+k2)t 

_ ( e ( k i +k a 


k., +k 2 

Now, we have ki = 1. 3 x 10" 5 s" 1 , 
k 2 = 9ki = 1. 17 x 10" 7 s' 1 
time, t = 1 hour = 36005 
putting values, 

[Q _ 9 i.sxio^xseoo 


- 1 ) 


[A] 10 (e 

— = 0. 537 
[A] 


Sol.13 As Cis-(en) 2 (OH) 2 + 


k f 


k b 


trans-Cr(en) 2 (OH) 2 + 

We have, 

kf „ _ ^ 
eq. constant = — = 0. 16 
kb 

and kf = ki = 3. 3 x 10" 1 s" 1 

i k t 
=>kb = —— 

0.16 

= 2. 0625 x 10" 4 s" 1 
Now using formula for eq. reactions. 


In 


x A 
X eq 

x_.x 
e q J 


= (kf + kb) t 


We have to find t for which x = 

q 

/ \ 


In 


eq 


X 

X eq 2 


= (3. 3 X 10^ + 2. 0625 x 10“ 3 )t 


In 2 


-5 


=>t = ■ 

2.3925x10 

t = 289. 71 s 

=>t = 4. 83 min 

Sol.14 We have, A 


ki 


-x B 


A i i i k ! [B] eq 

Also, we know, k eq = — - H 


[A] 


eq 


= 4, ki = 10 -2 s 


- i n-2 c-i 


=>k 2 = 


10 " 


= 2. 5 x IQ -3 s' 1 


Now at eq., [A] = [Ao] - x eq 
[B] = Xe q 
x a 


Then, 


e q 


[A]e Xq 


= 4 


We are given [A] o = 0. 01 mole L 1 

x c 


'eq 


0.01 x 


= 1 


eq 


5x eq = 0 + 60. 07 
Xeq = 0. 008 mole L" 1 

Now, using equilibrium first order formula, 


In 


eq 


X 0 „ -X 
V eq 


= (ki + k 2 )t 


At t = 30 s, 
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In 


0.008 A 
v 0.008-x 


= (12. 5 x 10“ 3 ) x 30 = -0. 375 


x = 0. 0025 mole L 


Sol.15 We have, 

A(g) v B(g) 

For forward reaction, we have 
AH = AE = -33 kJ/mol 
We know, 

In k = (since AS « 0) 

RT 

with T = 300 K, AH = 33 kJ/mol 


we get, k = |K = 5. 57 x 10 s 


Now, we are given 
_ 20 
E b = 31 

Now, we have for this transformation 



We see that 
E b = E f + |AH| 

=> But Ef = 

20E 


20E h 


.'. Eb = 


31 


31 

b + 33 


11 E 


b 


31 


33 


=>Eb = 63 kJ/mol 
E f = E b - 33 
Ef = 30 kJ/mol 

Sol.16 We have 

rate k'[complex] a , k' = k[H + ] b 

Lets assume that this is Pseudo first order 

reaction, that is 

a = 1 

0.693 


Then, we have, ti /2 = 
1.386 

13/4 = , . 


k' 


We note that, here t 3/4 = 2. ti /2 
which is true for given data also 
Now, when, [H + ] = 0. 01 


k' k[H + ] b 
0.693 


, , 0.693 0.693 

ti/2 = 1 = - 

=>(0. 01 ) b = - 

k 

When [H + ] = 0. 02 
(0 Q2)b = 0693 = 1386 

k.t V2 k 

These both will be satisfied for b = 1. 

.-. taking a = b = 1, all the given data can be 
verified and there are no contradictions 
.-.a = b = 1 


Sol.17 A- 


->B 


->C 


We have, k for disappearance of A, 

^ - (h ♦ Wt 

dt 

.-. k = ki + k2 

Using Arrhenius equation, 

± z!i z!l 

Ae RT = A.,e RT + A 2 e RT 

A = pre exponential constant 

1 

Differentiating with respect to —, we get 


-AE 


-E 

a RT - 


A E — 

__LzL e RT 


^E 


R R 

>Ek = Eiki + E2k2 
E 1 k 1 +E 2 k 2 


-A E 33 

A 2 L 2 c RT 


E _ E-|k 1 


-E 2 k 2 


Sol.18 (a)We have, 
ki 


A + B 


C 


k 2 
-> D 


since second step is RDS, 

Rate = k 3 [C] 

Also, ® = -k 3 [C] + k 2 [A] [B] - k 2 [C] 
dt 

_irri 

Now, at steady state,- = 0 

dt 


>[q = LiMS 


k 3 +k 2 


. Rate = k ' k * 1A11B1 
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(b)If k 2 > > k3, then k 2 + k3 ~ k 2 
then, Rate = ^ [A] [B] 


Using Arrhenius equation, 

y^A 

k = A e RT 


k = A 1 e RT A 3 e RT = A,A 3 


RT 


A 2 e RT 


Comparing with k = Ae 


RT 


A = ^ 
A, 


E a = E a . + E,_ -E, 


Sol.19 We have, 

Rate,R = k 3 [COCI] [Cl 2 ] 

(v (iii) is slowest step (RDS)) 
Also, from equilibrium of (ii), 


'-2 


/COCI7 

[CO][C\] 


and from equilibrium of (i), 


v i _ 


[Cl ] 2 


k_, [Cl 2 ] 


[Cl] = 


f 1 V/2 

h 

V k -i J 


([Cl,])' 


1/2 


Putting these values back in rate formula, 

we get 

Rate 


= k 3 f-fCOJ 


r k ^\2 
V k -i ) 


([G,]) W1 [G] 


dyCOCL/ k, k 1 

—-— = k, —— y -[co][ cuy 3/2 

dt k _2 k _i 

= k[CO] [CI 2 ] 3/2 


/, \ 


k= 


v -2 


v k 2y 


1/2 


Sol.20 


ki 


A(g) — 


*2B(g) 


->C(g) 


We have, 


Rate = = -(ki + k 2 )[A] 

dt 

[A] = [A]o e“ kt , ;k = ki + k 2 

Further, Rate = — ^ = ki[A] 

2 dt 

Putting value of [A] and integrating 

[B] = 2 k i [A i ] (i_ e - kt ) 

k., +k 2 

Similarly, [C] = -e" kt ) 

ki +k 2 

Now, we are given [A]o = 1 atm 
At t -» co, P t = 1. 5 atm 
Putting values and taking t = co, we get 
2k ! , k 2 =-|5 


- + - 


k 1 +k 2 k-, +k 2 

=>2ki + k 2 = 1. 5 ki + 1. 5k 2 

=>ki = k 2 = — 

2 

Now, taken at t = 10s, Pt = 1.4 atm 

[A]oe“ k - 10 + M^k(i - e - k - 10 ) 
k 

+ -e“ k - 10 ) =1.7 

2k 

[A]o = 1, 


1 e 


-10k 


e“ 1UK + 1 - e“ 1UK + - - -- =1.4 

2 2 

=>e~ 10 R = 0. 2 
=>k = 0. 16 

=>ki = k 2 = — = 0. 08 
2 


501.21 For 50% completion, time taken 

. 0.693 

tl/2 = -;- 

k 

. 0.693 . n . .1 

=>k = - = 0. 01 min -1 

69.3 

Now, for 80%, [A] = 0. 2[Ao] 

Using [A] = [A] 0 e- RT 
=>0. 2 = e“ RT 
In5 

=>t = - 

0.01 

t = 161 min 

501.22 We have, from Arrhenius equation, 
1 1 


log— = -^- 

k, 2.303R 


Ji t 2 
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Now, ^ = 4, Ti = 27°C = 300 K 

ki 

T 2 = 47°C = 320 K 
Putting values, we find 


log 4 = 


1 

300 


1 

320 


2.303x8.314 

_ 2log2x320x300x2.303x8.314 

Ea = --- 


20 


Ea = 55. 33 kJ mol 


i-i 


501.23 2A + B + C->D + 2E 

(i) Since, this is first order w. r. t. A, second 
order w. r. t. B, and 0 order w. r. t. C. 

Rate law = k[A] [B] 2 [C] 2 
Rate,R = k[A] [B] 2 

(ii)Now rate, R' = k[2A] [2B] 2 
= 8k[A] [B] 2 = 8k 
.-. Rate becomes 8 times 

501.24 We know, for first order reaction 

k= 2303 [A^ 

30 a [A] t 

At T = 27°C = 300 K, at t = 30 min, 50% of 

reaction gets completed, i. e. [A] t = 0. 5[A]o 

i 2.303. o 
k = -log2 

30 a 

k = 0. 0231 min" 1 

= 3.85 x 10" 4 s" 1 

At T = 47°C=320 K, time taken for 50% 

completion is 10 min. 

. 2.303. 

,-.k = -log2 

10 

k = 0. 0693 min -1 
= 11.55 x 10" 4 s" 1 
Now, by Arrhenius equation 


In— = 


2.303 


tT 


1 


'2J 


AtT = 300 K, k = 0. 0231 min' 1 
T = 320 K, k = 0. 0693 min” 1 
Putting values 


log 


0.0693 


1 


320 


0.0231 2.303 x 8.314 V 300 

Ea = 43. 78 kJ/mol 


Sol.25 Firstly, we assume that reaction is first 
order and see if the data is consistent. 

For first order reaction, we have 


T^LANCES^ 


k = 

t 'J,-0, 

At time, t = 10 min, 

, 2.303. 32.4-(-11.1) 

t a 28.8-(-11.1) 
k = 8. 14 x 10" 3 min -1 
At time, t = 20 min 
, 2.303. (32.4 + 11.1) 

t a 25.5 — (—11) 
k = 8. 64 x 10" 3 min -1 
At time, t = 30 min 

, 2.303. 32.4 — (11.1) _ _ . 

k = -log--- - = 8. 70 x 10 -3 min 

t a 22.4-(-11) 

At t = 40 min, 

. 2.303. 32.4-(11.1) _ , n3 . , 

k = -log-= 8. 71 x 10 3 min 1 

40 19.6-(-11.1) 

We see that all values of k are pretty close to 
each other, 

.-. the reaction is first order. 

Sol.26 We know, for nth order reaction 
1 




tl/2 OC 


[Ar 1 


Flere as [A]o is doubled, ti /2 gets halved, 

or n - 1 = 1 
=>n = 2 

Flence, second order reaction. 

Sol.27 We have, by Arrhenius equation 


log 


v 2 _ 


2.303k 


Ti 


1 


'2 J 


Now, given data, 
at t = 50°C = 323 K, 
k = 1. 5 x 10 +7 sec' 1 . 
atT = 100°C = 373 K, 
k = 4. 5 x +7 sec -1 
Filling the data, 

log 3 = 


1 


1 


2.303 x 8.314 V 323 373 

ik 

RT 


Ea = Ae 
Ea = 2. 2 X 10 7 J moM 

ik 

Now,k = Ae RT 
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+Ea 

=> A = k e RT 

+2.2x10 7 

= 1. 5 x 10 +7 e 8 - 214 * 323 
A = 5. 42 x 10 10 s" 1 

501.28 Rate = k[A] 

(i) Initial rate = k[A] o 

= 1.8 x 10- 2 x 0. 1 

= 1 x 10“ 3 mol sec -1 L -1 

(ii) After 60 sec (1 min), 

Rate = k[A] i 

= k[A]o e -k * 60 

= 5.495 x 10- 3 mol sec' 1 L" 1 

501.29 Since, unit of rate constant is min -1 , it is 
first order reaction 

Initial rate = k [A] o 
= 10 -3 x 0.2 

= 2X10 -4 mol min -1 dm -3 
After 200 minutes, 

[A] = [A] o e -10 " 3 * 200 
= 0. 8187[A] o 

.-. 18. 12 % of reactant converted into product. 

501.30 (i)At time, t = 10 min, [A] = 0. 8 [A] o 
.-. 0. 8[A] o = [A] o e -10k 

=>k = 0. 022 min -1 

(ii)When 75% reaction is completed, 

[A] = | [A] o, 

4 

.'. — [A] o = [A] o e -0 - 022t 
4 

=>t = 63. 01 min. 
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EXERCISE-IIJEE MAIN 


501.1 [B] From the table, we see that when [A] is 
doubled, rate get becomes 4 times, keeping [B] 
constant 

rate cc [A] 2 

Also, when [B] is doubled, keeping [A] doubled. 
Rate becomes 2 times 
rate cc [B] 

.-.rate = k[A] 2 [B] 

501.2 [A] Rate, n = k[A] n [B] m 

k 2" 

r f = k[2A] n [B/2] m = -[A] n [B] m 

2 m 

[f_ _ 2<n-m) 
r i 


Sol.3 [A] We have ti/ 2 = 15 min (0. 8 M^.0. 4M) 
Now, for 0. 1 M to 0. 025 M, 

t = 2 X tl/2 

= 30 min 

(0. 1 hn > 0, 5 —^— >0. 025) 


Sol.4 [D] Only statement (D) is correct as k is 
constant at a given temperature. 

(A) and (B) are correct for first order reaction. 
(C) is wrong as 

dt 2 dt dt 


Sol.5 [D] For a first order reaction, 
[A] = [A] 0 e _kt 

When, [A] = - [A] o, t = ta/4 



0.29 

—>t3/4 = —;- 

k 


501.6 [D] rate oc [O] 2 

.-. when [(O)] is doubled, rate becomes 4 times. 

501.7 [C] A + 3B -> P 

AH = 2x kJ/mole of A .. (i) 

M -> 2Q + R 

AH = tx k J/mole of M...(ii) 


We see that, if these reactions are carried 
simultaneously energy released from (i) and 
energy absorbed is (ii) counter each other 
further, AH = 20H, rate of second reaction will 
be double of that of (i) 

-1 d[B] 


Now, rate of (ii), (i) = 


3 dt 


y 

3 


, , , 2y 1 d[Q] 

rate of second = — = —— 

3 2 dt 

d[Q] 4 

=>-!A5i = —y 

dt 3 y 


Sol.8 [B] We have t = 138. 6 min for 


1M —» 0. 25 M 
i.e., 2ti/2 = 138. 6 = 


2x0.693 

k 


(Q 1 *1 12- > o. 5 > 0. 25) 

^k = 0. 01 
When [A] = 0. 1, 
rate = k[A] 

= 0. 01 x 0. 1 M min -1 
= 10~ 3 M min -1 


501.9 [B] For zero order reaction, rate is always 
constant. 

i. e. rate = 10“ 2 M min -1 
A(g) -> 2B(g) 
t=0 0. 1 

t= 1 0. 1-x 2x 

ld[B] = 1q _ 2 
2 dt 

[B] = 0. 02 t 

At t = 60 sec = 1 minute 
[B] = 0.02 M 

501.10 [D] Let time be t 
then, for X —^—> A + B 

50% reaction gets completed at time t 

=>j [X] o = [X] o e" klt 

i In2 
ki = — 
t 

For Y k2 > C + D 

96 % of reaction gets completed at time t. 
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:.0. 04[Y] o = [Y] o e“ M 
In25 


k2 = 

l<2_ 

ki 


t 

In25 

Tn2~ 


= 4. 65 


Sol.11 [D] We know, for nth order reaction 

tl/2 °C 


>n-1 


(*1/2)2 




V P °2 J 


(*1/2)1 

Putting values, 

950 = f 500 Y -1 
235 " ^250 J 

a-n - 1 = 1094 04 = 2 
log2 

=>n = 3 


Sol.12 [C] We have first order reaction 

k = ^log^ 

t y [A] t 

at t = 20 min, [A] t = 0. 8 [A] 0 

(since 20% reaction completed) 

. 2.303. 5 

=>k = -log- 

20 4 

k = 1. 11 x 10- 2 min- 1 

0.693 


tl/2 = 


= 62. 13 minutes 


Sol. 13 [C] Rate = k[A] 

= k[A] oe _kt 

It follows an exponential decay 


t = 1 1 -x 1 —x x x 

We have, 

-d[A] _ ,. rA1 1/2rD1 1/2 


Rate = 


dt 


= k[A] 1/2 [B] 


-d[A] 

dt 

-d[A] 

dt 


= k(1 - x) 1/2 (1 - x) 1/2 
= k(1 -x) 


This can be written as, 

= k[A] 
dt 

^[A] = [A] oe" kt 
when [A] = 0. 25[A]o 
t _ 2^n2 _ 2x2.303log2 
k 2.303 x10“ 3 


t = 600 s 


501.16 [A] We have for first order, 

[A] = [A] oe" kt 

[A] 0 = mol L' 1 = 0. 05 mol L _1 

k = 3.465 x 10" 6 s" 1 , t = 200 s 

[A] = 0. 05 e - 3 - 465x10 " 6x200 

« 0. 05 M 

501.17 [D] R is universal gas constant 
k is rate constant 

A is pre exponential factor 
E a is activation energy 

501.18 [C] This is the correct definition. 

501.19 [B] k = Ae“ E ° /RT ;As T 00, 

k = A = 6 x 10 14 s _1 (v e _E ° /RT 1) 


Sol.14 [D] A(g) 2B(g) 

... . , [b] 2 [100/V] 2 

We have, keq = = -—=—— 

[A] [10“ 5 /V] 


10 4 


1 


10“ 5 ' 10 


= 10 8 


10 8 = 


k f 


1.5x10“ 


kb = 1. 5 x 10 11 L mol 1 s 1 


Sol. 15 [B] A + B -> C + D 
t = 0 1 1 0 0 


Sol.20 [B] We have, from Arrhenius equation 


log-^- 


2 _ 


2.303R 


vTi“T2, 


Here, at Ti = 27°C = 300 K 


ki = 


0.693 

20 


min 


atT 2 = 47°C = 320 K 

, 0.693 . , 

k 2 = -min 1 

5 

Putting these values, 
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log 4 = 


2.303x8.314 


Ea = 55. 14 kJ/mol 




For reactions with order > 1, reaction never 
goes to 100 % completion and hence time of 
completion cannot be determined. 


501.21 [C] 

We have, 27°C = 300 K, 3. 8 x 10" 16 of reactant 
molecules exist in the activated region, 
i. e, N = 3. 8 x 10“ 18 No 
Now, N = Noe~ Ea/RT 

E a = RT log e — = 8.314 x 300 log* N o 

N 3.8x10“ 18 N 0 

Ea = 100 kJ/mol 

501.22 [D] Since, at 400 K, 0. 0001% (10^%) of 
collisions are effective only '\0~ 4 % of molecules 
have their energy above activation energy. 

Ea = 2. 303 RT log ^ 
a N 

= 2. 303 x 8. 314 x 400 log N ° 

10“ 6 N 0 

= 45. 944 k J/mol = 11. 05 k cal/mol 

501.23 [A, C, D] 

(A) Unit of A = Unit of k * mol L _1 s _1 

(B) Order of an elementary must atleast be 1 
(atleast 1 molecule should be present) 

(C) Molecularity can be defined for any 
elementary reaction 

(D) Decay constant (X) of radioactive substance 
is independent of temperature 

501.24 [A, C] With increase in [A]o, rate will 
increase, leading to increase in yield of B. A -» 
B has higher E a , which means it has lower k and 
thus with increase in temperature ki will 
increase more than k 2 , resulting in increase in 
yield of B. 

501.25 [A, B, C] 

(D) A zero order reaction is always complex, rest 
all are correct. 

501.26 [C] For reactions with order < 1, time of 
completion can be determined as those 
reactions gets fully completed in specific 
amount of time. 


Sol.27 [A] 

Without catalyst 



Reaction coordinate 


With catalyst 



Reaction coordinate -» 


Paragraph-1 

We have 


df 

dt 


Id -f) 




= kdt 


-Infl-f^o = kfl' 


-ln(1 - f) = kt 
f = 1 - e~ kt 


Sol.28 [B] Slope of ln(1 - f) vs f graph 

= -k = — hr 1 
200 

= — hr 1 
200 


When f = 
— = 1 - e 


t = 


^n2 0.693x200 


= 46. 2 hrs. 
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Sol.29 [A] f = 1 - e“ kt 
f = [1 - e~ 3t/200 ] 


Paragraph-2 

Sol.30 [C] For t = 100 min, x = 

, 1 . a ^n2 . 

,\k = -In- = -min 

100 3 50 

a—a 
4 

When x = 0. 9 a, 
k = -In- 3 


t a-0.9a 

, = 1|„10 = 501n10 = 50. 
k In2 In2 

= 166. 66 min 


3 

— a 

4 




50_ 

0.3 


Sol.31 [B] [A]o = 


12.5 


= 0. 16 


We have, 
1 d[B] 


3 dt 


= k[A] 


at time 0 
at time t 


A(g) -> 3B(g) + 2C(g) 
0. 16 

0. 16-x 3x 2x 


Also, — = -k[A] 
dt 

[A] = [A]o e“ kt 

= 0 16 e 1386x10 “ 2x100 


= 0. 04 

i. e., 0. 16 - x = 0. 04 
x = 0. 12 
[B] = 3x = 0. 36. 
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PREV YEARS' QUESTIONS JEE MAIN 


Sol.l (a) - A —» 2B ; - 2 

2 dt 

_ d[A] 1 d[B] 

dt _ 4 dt 


ld[B] . 
2 dt ' 


Sol.2 (c) 


Rate at 50°C 
Rate atT, °C 


= 2 5 = 32 times 


AT 50 

(2) Tl = (2) 10 


_ .. . . . 2.303. a 

Sol.3 (c) k = —— log 10 -; 

t a-x 


t = 2 x 10 2 , a = 800, a - x = 50 


k = 


2.303 


2x10 


2 lo 9io 


800 

50 


2.303 
2 x 10 2 


log io 16 


2.303 
2 x 10 2 


log 10 2 4 = 


2.303 
2 x 10 4 


x 4 x 0.301 


= 1.38 x 10 “ 2 s _1 


501.7 (b) Because two molecules are taking part 
in elementary 

dx 

501 .8 (c) Since - — <x [CO ] 2 so on doubling the 

concentration of CO, the rate of reaction will 
increase by 4 times. 

501.9 (a) R = k[A][B ] 2 order of reaction =2+1 = 3 


Sol.l0 (d) The differential rate law for, NO + Br 2 
- > NOBr 2 would be 

rl r 

=k[NOBr 2 ][NO] 


We have, K c = 


[NOBr 2 ] 

[NO][Br 2 ] 


501.4 (a) 2A + B -» Product 

When cone, of B is doubled, the half life did not 
change, hence reaction is of first order w.r.t. B. 
When concentration of A is doubled, reaction 
rate is doubled, hence reaction is of first order 
w.r.t. A, 

Hence, over all order of reaction is 1 +1 =2 
So, unit of rate constant mol -1 lit s -1 . 

501.5 (d) Rate= k(N 2 Os) hence 2.4 x 10“ 5 
= 3.0 x 10“ 5 (N 2 O5) or (N 2 O 5 ) 

= 0.8 mol M 

5 0 1 .6 (c)In first order reaction for x% completion 



0.693 _ 2.303x2 
6.93 “ t 


So, t = 46.06 min. 


Provided the first reaction attains equilibrium 
rapidly, 
d c 

.-. —- = k x k c x [NO] 2 [Br 2 ] 
dt 

= k[NO] 2 [Br 2 ] 

.•.The order of the reaction with respect to 
NO(g) is 2 . 


Sol.l 1 (a) For A 

Rate = k(Cl 2 )(H 2 S) (By slow step) 
ForB 

Rate = k[CI 2 ][HS“] 


keq — 


[H + ][HS~] 

[H 2 S] 


(according to equilibrium) 
Rate = k[CI 2 ] k ^ [HzS] 


Rate = kkeq [CI 2 ] 


[H ] 
[H 2 S] 
[H + ] 


Sol.l 2(d) ti /2 = 


2k n 


(for zero order reaction) 


ko = 


2 x t, 


/ 2 


2x1 


= 1 
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, A 0 - [A] t , 0.50-0.25 

ko = ---=> k 0 =--- 

t = 0.25 hr. 


Sol. 13 (d) So, 

AHReaction = Ef — Eb = 80 — 100 — —20. 


Sol.14 (a) For endothermic reaction AH = +ve 
Then from equation 

AH = EaF.R — EaB.R ,' Eb.R < Ef.R . 


Sol.15 (b) In photochemical reaction, the rate of 
formation of product is directly proportional to 
the intensity of absorbed light. 
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EXERCISE -1JEE ADVANCED 


Sol.l 4NH 3 (g) + 50 2 (g) 

-> 4N0(g) + 6H 2 0(g) 
Rate of reaction 
_ -1 d[NH 3 ] _ -1 d[0 2 ] 


4 dt 
1 d[NO] 
4 dt 


5 dt 
1 d[H 2 0] 

6 


dt 


(i)Rate of reaction = 


1 d[NO] 
4 dt 


1 1.08 x 10 -2 

4 3 


= 9 x 10 4 mol L 


(ii) 


-d[NH 3 ] 


3 J 


+ 4 d[NO] 


+1.08 


(iii) 


dt 4 dt 

x10’ 2 = 3. 6 x 10“ 3 mol L- 1 
6 d[NO] 


3 

d[H 2 0] 


dt 


4 dt 


_ 3 1.08x10 
" 2 X 3 


-2 


= 5. 4 x 10“ 3 mol L 




Sol.2 (a)2H 2 0 2 -> 2H 2 0 + 0 2 
We know, 

-1 d[H 2 Q 2 ] _ -1 d[H 2 Q] _ d[0 2 ] 


2 dt 
d[H 2 0] 


= 2 


2 dt 
d[0 2 ] 


dt 


dt dt 

= 2 x 3. 6 M min -1 
d[H 2 0] 


dt 


= 7. 2 M min 




(b) 


d[H 2 0 2 ] _ 2 d[H 2 0] 


dt 

-d[H 2 Q 2 ] _ 
dt 


2 dt 
7. 2 M min” 1 


Sol.3 N 2 + 3H 2 -> 2NH 3 

d[N 2 ] _ -1 d[H 2 ] _ 1 d[NH 3 ] 
" 2 


(a) 


dt 3 dt 
-d[N 2 ] _ 1 d[NH 3 ] 
” 2 


dt 


dt 


dt 


1 


= — x 2 x 10 4 mol L 3 s 1 = 10 4 mol L 1 s 1 
2 

-d[H 2 ] _ 3 d[NH 3 ] 
dt 2 dt 

= — x 2 x 10 -4 mol L _1 s _1 = 3 x 10 -4 mol L _1 s“ 
2 


Sol.4 (i) Reaction of first order in A, second 
order in B and 0 order w. r. t. C. 

H y 

^ = k[A] ’[B] 2 [C] °, k = [D], 
dt 

= k[A] [B] 2 
dt 

(ii)If [A], [B], [C] are all doubled. 
r f = k[2A] [2B] 2 = 8k[A] [B] 2 = 8r 
Rate becomes 8 times 


Sol.5 We have, by ideal gas equation 
PV = nRT 

=>P = — RT 
V 

P = CRT 
RT 


Rate of reaction = 


AC _ _1_AP 

At ” RT AT 

We have, R = 0. 0921 L atm/mol. k 

T = 27°C = 300 K 

AP = (2 - 1. 1) atm = 0. 9 atm 

AT = 75 x 605 = 45005 

Rate of reaction 

1 0-9 i. . ^ 

= -x-Ms 1 

0.0921 x300 75x60 

= 8. 12 x 10- 6 Ms' 1 

Rate of reaction in terms of pressure 


AP 

At 


0.9 

75 


atm min 1 = 0.012 atm min 


501.6 2A + B 2 —» 2AB 

Since, this is an elementary reaction, 
rate, n = k[A] 2 [B 2 ] 

If volume of vessel reduced to one-third, [A] 
and [B 2 ] becomes 3 times each. 

.-. r f = k[3A] 2 [3B 2 ] = 27k [A] 2 [B 2 ] = 27n 
Hence, rate becomes 27 times. 

501.7 3BrO" -> Br0 3 + 2Br 
We have, 

-1 A[BrO] A[Br0 3 ] 


Rate = 


At 


At 
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= I*™ = k[BrO“] +2 = = 3k[BrO“] 2 

2 At At 

We have, 3k = 0.056 

k = 0.0186 mol -1 s _1 

(a) A[BrQ 3 ] = k[BrO“] 2 = 0. 0186[BrO“] 2 

At 

hence rate constant = 0. 0186 L mol _1 s _1 

( b ) A[BM = 2k[Br0 _ ] 2 = o. 037[BrO1 2 

At 

rate constant = 0. 037 LmohV 1 


Sol.8 We have, 

N 2 0 5 (g) 

-d[N 2 Q 5 ] _ 1 d[N0 2 ] 


2N0 2 (g) + lo 2 (g) 


dt 

1 d[0 2 ] _ 
1/2 dt 


2 dt 
= +k[N 2 0 5 ] 


Hence, ki = k, k 2 = 2k, k 3 = 


>ki = — = 2k3 
2 


2ki = k 2 = 4k3 


Sol.9 4 ]H -> 2 HeAH = 2. 6 MeV 

It means 4 atoms of H, eject 26 MeV energy. 

Energy released by 1 mole of 

H = — = 26 x 10 6 x 1. 6 x 10“ 14 J 
4 

= 6. 26 x 10 11 J 

Power output of sun = 3. 9x10 26 W 
= 3. 9 x 10 26 J/s 

i. e. it radiates 3. 9 x 10 26 J in one second. 
Number of moles of H required per second 
3.9 xIO 26 


6.26x10 




= 6. 23 x 10 


14 


Total moles of H on sun 


1.7x10 


30 


10 


-3 


= 1. 7 x 10 33 


1 7x10 33 

Time taken = — : -—- = 2. 72 x 10 18 s 


6.23x10 


14 


Sol.10 A(g) + 2B(g) -> C(g) + D(g) 
t = 0 0. 6 0. 8 0 0 

t 0.6-x 0.8-2x x x 
Since this is elementary reaction 
Rate, r = k[B] 2 [A] 

Now,n = k(0. 6)(0. 8) 2 = 0. 381 k 


WhenPi = x - 0. 2 atm 

Pa = 0. 6 - x = 0. 4 atm 

Pb = 0. 8 - 2x = 0. 8 - 0. 4 = 0. 4 atm 

r f = k(0. 4)(0. 4) 2 = 0.064 k 

r f _ 0.064 _ 1 

r, ” 0.384 ” 6 

501.11 A -> B 

k = 1. 2 x 10“ 2 Ms -1 

Since unit of rate constant is Ms -1 , it is zero 
order reaction 
Rate law [B] = kt 
At t = 10 min 

[B] = 1.2 x 10“ 2 x 10 x 60 M 
[B] = 7. 2 M 
At t = 20 min 

[B] = 1.2 x 10“ 2 x 20 x 60 M 
= 14. 4 M 

But, [A] o = 10 M and [B] cannot be greater than 
[Ao] [A] o. 

.-. [B] = 14.4 M implies that reaction has reached 
completion, i. e. 

[B] max = 10 M 
[B] = 10 M 

501.12 For zero order reaction, 

[A] = [A]o - kt 

At t = 0, [A] = [A] o = 0. 1 M 

At t = 1 min, [A] = 0. 09 M 

0. 09 = 0.1 - k 

=>k = 0. 01 M min -1 

At t = 2 min, [A] = 0. 1 - 0. 01 x 2 

= 0. 08 M, which is the value given. 

.-. k = 0.01 M min -1 

501.13 For zero order reaction 
[A] = [A] o - kt 

We are given, 
k = 2 x 10" 2 mol L _1 sec _1 
and at t = 25 sec, [A] = 0. 25 M 
[A] o = [A] + kt 

= 0. 25 + 2 x 10- 2 x 25 = 0. 75 M 

501.14 It is a zero order reaction (v unit of rate 
constant is M sec -1 ) 

[H + ] o = 6x10 6 , = 6 x 10“ 2 M 
0.1 xIO' 3 


t^LANCESS 

WHERE PLAN MEETS SUCCESS 


www.plancess.com 
















Chemical Kinetics 


k = 10 7 mol L 1 sec 


time taken to disappear = 


[H + ] 


6xio; 

10 7 


sec = 6 x 10 9 sec 


Sol.15 Since it is a zero order reaction 
[A] = [A] o - kt 

When t = 1 hour, [A] = — [A] o 

4 

(v 75% reacted) 

- [A] o = [A] o - k 


^>k = - [A] o M hr 1 
4 

When A is 10% unreacted, 
[A] = ^[Ao] o 

[A] o = [A] o - kt 

^^[ A ]0=f [ A ]0t 

=>t = 1.2 hr 


Sol.16 (i)We know, for first order reaction 
[A] = [A] oe“ kt 

k=i|n^ 

t in 

At t = 72 min, 75% reaction completed, i. e. [A] 

= j [A] ° 

4 

,\k = — In 4 = 0.019 min” 1 
72 

When reaction is 50% complete, 

In2 

t = ti /2 = — = 36 min 
k 

(ii)When reaction is 87. 5% complete, [A] = 0. 

125 [A] o, 

. 1, 1 
.\t = -In- 


k 0.125 
t = 108 min 

Sol.17 We have, for first order reaction 
k = 

t IN, 

(i)At t = 10 min, reaction is 20% complete, i. 
e. [A] = 0. 8[A] o 


T^LANCES^ 


k . -Lin- 


10 0.8/A7 0 

k = 0. 0223 min" 1 

(ii)When reaction is 75% complete, 

[A] = 1 [A] d 
4 

, . Iln 


1 IN„ 


-ln- 


k /A/ t 0.0223 1 /Ay 


t = 62. 17 min. 


Sol.18 Order will be equal to 1. 

, = iln^ 

k /a;, 

When reaction is 99. 9 % complete, 

[A], = 10- 3 [A] o 

t 1, /A7 0 3 6.909 

ti = -In—-—-—= —Ini 0 = - 

k 1O“ 3 7A7 0 k k 

r A 1 

When reaction is 50% completed, [A] t = 


. t 1, 7A7 0 

..t 2 = -In- u 


In 2 0.693 


k 0.57A7 0 k k 
We see that t 2 «10ti 

Sol.19 We have, first order reaction 
N = Noe- kt 

here, k = 1. 5 x 10" 3 sec -1 
N cc 1. 25 (wt. oc molar) 

N oc 5 


.1.25 = 5e 
1 


-1.5x10 -3 t 


=>t = 


-ln- 


1.5x10" 3 1-25 

t = 924. 3625 

Sol.20 We have, 

[N]o = 500 

At t = 20 months, [N]t = 420, 

Using first order to rate law, 

k = ii„^ 
t IN, 

k = 8. 717 x 10" 3 month -1 

The drug will be ineffective (will expire) when it 

has decomposed 30%, i. e. [N] = 0. 7 [N] o. 


•t= -log 


1,-JAHo _ 1 


t ^ [TV], 8.717 x10 -3 ^ 0.7 [N] 


log- [N1 ° 
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t «41 months 

Sol.21 For first order reaction 

k . llog!^ 
t [A], 

We are given, 2% of virus gets inactivated every 
minute at the beginning, i. e., at t = 1 min, [A] t 
= 0. 98[A] o 

k = llog-^L 
1 y 0.98[A] 0 

k = 0. 02 min” 1 
k = 3. 3 x 10 -4 sec -1 . 


When a = b, 

ao e -M = — e -l<2t 


4 = e (kl 


=>t = 


-k 2 )t 

In4 


k, -k^ 


v i 

In4 


In2 In2 

T"i? In2 

t = 15 min. 


2ln2 


1 _J_ 

5 15 


2x5x15 

10 


Sol.22 If we assume the reaction to be of first 
order, then, let [A] t = a and [A] o = Co. 
a = Coe -kt 
At time 
t = 0, a = Co 

t = t, a = Coe" k = aCo, a = e" k 
t = 2t, a = Coe -2k = a 2 Co, a = e -k 
t = 3t,a = Coe -3k = a 3 Co, a = e -k 
Therefore, taking the reaction to be of first 
order, we found the concentration of A to be of 
the form given in question. Therefore, the 
reaction is of first order. 


Sol.23 For first order reaction, 

[SO 2 CI 2 ] = [SO 2 CI 2 ] 0 e -kt 
k = 2. 2 x 10 -5 sec -1 , 
t = 90 min = 5400 sec 

• [SQ 2 CI 2 ] _ e -5400x2.2x10" 5 _ Q ggg 

" [SO 2 CI 2 ] 0 

11. 2 % of [SO 2 CI 2 ] decomposed. 


_ , . . n . a In2 In2 

Sol.24 For A, ki = - = — 

* 1/2 5 

Initial concentration = ao (let) 


[A] t = a 
then,a = eoe -k,t 


_ _ 1 In2 In2 

For B, k 2 = - = — 

ti /2 1-5 

Initial concentration 


[B] 0 = 


[A] 


0 


3 o 


[B] 4 = b 

Then, b = ^e -M 
4 


501.25 From the data, we observe that, when 
[H 2 ] is halved, keeping [NO] constant, reaction 
rate gets halved. So, order w. r. t H 2 is 1. 

When [NO] is doubled, keeping [H 2 ] constant, 
reaction rate becomes 4 times so, order w. r. t. 
NO is 2. 

Rate = k[NO] 2 [H 2 ] 

(a) Order = 2 + 1 =3 

(b) When, [NO] = 1. 5 x 10 -4 M, 

[H 2 ] = 4 x 10 -3 M, 

Rate = 4. 4 x 10 -4 M sec -1 
. k _ 4,4xIQ -4 

~ (1.5x10 -4 ) 2 x(4x10 -3 ) 2 
When [NO] = 1. 1 x 10 -3 M, 

[H 2 ] = 1. 5 x 10 -3 M 

(c)Rate = 4. 88 x 10 6 x (1. 1 x 10 -3 ) 2 

x (1. 5 x 10 -3 ) 

Rate = 8. 85 x 10 -3 M sec -1 

501.26 From given data, we observe that, when 
[CI 2 ] is tripled, rate becomes 3 times, so, order 
w. r. t. CI 2 is 1. 

When [NO] is tripled, rate becomes 9 times, so, 
order w. r. t [NO] is 2. 

(a)Order w. r. t. NO = 2 
Cl = 1 

(b) Rate = k[NO] 2 [CI 2 ] 

(c) When [CI 2 ] = 0. 05 M, [NO] = 0. 05 M, 

Rate = 10 -3 


[NO] 2 [CI 2 ] (0.05) 2 (0.05) 

(d)If [CI 2 ] = 0. 2 M, [NO] = 0. 4 M, 

Rate = k[NO] 2 [CI 2 ] = 8 x (0. 4) 2 (0. 2) 
Rate = 0. 256 mol sec -1 L -1 
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Sol.27 Let us assume that this is first order 
reaction, i. e. [A] = [A] oe“ kt . Using this, we will 
calculate k at both times. If they are same, then 
our assumption is correct. 

At t = 53 min, 50% reaction completed, i. e. [A] 
= 0. 5 [A] o 

, In2 0.693 . ... . , 

t 53 

(i) We see that both values of k are same, this is 
first order reaction 


Sol.30 


jj [N 2 Q] _ e _ kt _ _1 .3x10 -2 x100 _ 

[N 2 O] 0 

thus 73% of N 2 O will decompose. 


0. 27 


Sol.28 As in previous question, we assume 
order = 0 and calculate k at different time. 

At t = 0 sec, P = Po = 4 x 10 3 Pa 
At t = 100 sec, P = 3. 5 x 10 3 Pa 


_ P 0 -P _ (4-3.5)x10 j 


Pa/s 


We have, ki = 

t 100 

ki = 5 Pa/s 

At t = 200 sec, P = 2 x 10 3 Pa 
k = k; = (4-B)x10 i 
200 

Att = 300 sec, P = 2. 5 x 10 3 Pa 
(4.2.5) xIO 3 =5pa 
300 

We see that ki = k 2 = k 3 = 5 Pa/s is same for all. 
Hence this is zero order reaction, rate constant 
= 5 Pa/s 


Sol.29 We know, for nth order reaction 

tl/2 °C 


[A]?' 1 


We have, at [A] 0 , (t 1 / 2)1 = t = 50 min 

[A]„ 


at 


-, (ti/2) z = 25 min 


50 

25 


aA] c 


[A] c 


n-1 


■>n-1 


2 = ——j- => 2 n_1 = 2" 1 

2 n -1 

n - 1 = -1 
=>n = 0 


-> 


P 0 -x 


B+ C 
0 0 
X X 

p p 
r o r o 


t = 0 
t 

t —) GO 0 

We have, at time t = ti 
Pi = Pt = Po - x + x + x 
P 2 = Po + x => x = P 2 - Po 
at time, t -» 00 , 

Pt = Ps = 2Po 

^Po = ^ 

2 

Taking first order reaction, 
k=l|n^A =l| n J°-=l|n- P ° 


t (P A ) t t P 0 - x t P 0 -P 2 +P 0 


k = -In- P ° 


= -In- Pa 


t 2P 0 -P 2 3 2/P,-P ,) 


3 ' 2' 


Sol.31 Here, we have, at time t 

Pb + Pc = P 2 = 2x => x = — 

2 

at time t -» 00, Pb + Po = P 3 = 2Po 

^Po = ^ 

2 


k = lln^A^ = -In 
t fVt t 


p p 'i 
2 2 


= -ln- 


t P 3 -P 2 


Sol.32 A ->B +C 
time 

t = 0 no 0 0 
t no - x x x 
t — ^ go 0 no no 

At time, t = 0, V r = Vi = 


N 


>no = 


NV, 


(n-factor of A,B,C = a) 

(using NVi = noa) 

Normality of reagent = N 
At time, t = t, 

(n 0 -xja + xa + xa _ (n 0 +x)a 

V n — V2 — - — - 

N N 

NV 2 

=>no + x = —- 
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NV 0 N... ... 

x = —--n 0 = —(V 2 - V,) 
a a 

k = -In— = lln- 


t n t 


= -In 


t n 0 -x 
NV, 


t f NV, 


k = -In- Vl 




t 2 V, -V 2 

Sol.33 A^2B+3C 
time, t = 0 a 
time, t a - x 2 x 3 x 
time, t-*» 0 2a 3a 

Let n-factor of A, B and C be n and normality of 

reagent = N then at time, t 

N. V 2 = (a - x)n + 2xn + 3xn 

NV 2 = n(a + 4x) 

. NV 2 
a + 4x = —- 


at time, t -> 00 
NV 3 = 2 a. n + 3a. n 
=>a = NV 3 = 5an 
NV 3 


a = 


5n 


„ nv 2 

then4x = —- 


n 

x = — fv 2 - — 

4nV 2 5 


1 1, a 

k = -In 


NV 3 

”5n~ 


= -In- 

t a-x t 


NV, 


/ nv 3 nv 2 NV 3 a 

5n 4n 20n 


5n 


= lln 
t 


V, 


V,--V,+4V, 
3 4 2 3 


= -ln- 


4V, 


t 5 rv 3 -v 2 ; 


I !. 4 

k = -In— 


V, 


t 5(V 3 -V 2 ) 


Sol.34 S^G + F 
time t = 0 a 0 0 
time, t a-x x x 
timet -» 00 0 a a 

Let specific rotation of Glucose and Fructose be 
0 i and 02 respectively 
Then, at time t 


x 0 i + x 02 = rt 


x = 


0, + 0 2 
at time, t -> 00 
a 0 i + a 02 = roo 

r.„ 

a = 


0 , + 0 2 

, 2.303, a 

k = -log— 


k = -log- 
t 


1 a 

- = -log- 

a — x t a — x 


(0i+0 2 ) 


V©1 +0 2 0 1 +0 2 J 


k = -log- r ~ 


r„ . - r. 


Sol.35 As H 3 (g) -> As(s) + ± H 2 (g) 
t = OPo 

t = 1 Po - X — x 
2 

Since, as a solid, it won't contribute to pressure. 

3 x 

.•.at time t, Pt = Po - x + — x = Po + — 

2 2 

Lets assume reaction is first order and calculate 

1 P 

k at different times, using k = —In 0 


4 P 0 -x 


t = 0 Po = 758 = Pt 

t = 5 hrs Pt = 827 = Po + - 

2 

827 = 8758 + - 
2 

=>x = 138 mm 
, 1 , 758 

5 758.138 


k = 0. 04 hr 


■1 


t = 7. 5 hr Pt = 856 = Po + - 

2 

=>- = 856-758 
2 


x = 196 mm 
1 


758 


k = —In 

7.5 758-196 

k = 0. 039 hr 1 

t= 10 hr Pt = 889 = Po + 

x = 2(883 - 758) 
x = 248 mm 
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, 1 , 758 

k = —In- 

10 758-248 

k = 0. 039 hr 1 

Thus, all 3 values of k are approximately the 
same, hence first order reaction. 

Sol.36 (CH 3 ) 2 0(g)^CH 4 (g) + H 2 (g)+CO(g) 

time t = 0 Po 0 0 0 

time, t Po-x x x x 

t — »oo 0 Po Po Po 

Total pressure, at time t, 

Pt — Po - x + x + x + x =Po + 2x 
Increase in pressure 
= (Po + 2x) - Po = 2x 

We will assume that this is a first order reaction 
and check the consistency of given data. 

At t = 0, Po = 312 mm Hg 
At t = 390 s, pressure increase ; 

AP = 96 mm Hg = 2x 
x = 48 mm Hg 


•k= l|n- P ° 


t P 0 -x 


1 , 312 

-In- 


390 312-48 

k = 4. 28 x 10" 4 s 

Att = 1195 s, AP = 250 = 2x 

x = 125 mm Hg 

i 

= 4. 28 x 10" 4 s 


i 1,312 

k = - In 


1195 312-125 

Att = 3155 S,AP = 467 = 2x 
x = 233. 5 mm Hg 


k = 


1 


- In - 


312 


= 4. 30 x IQ” 4 sec 




3155 312-233.5 

At t -» oo, AP = 2Po = 624 mm Hg 
« 619 mm Hg 

Thus, we see that all 3 values of k are 
approximately the same. Therefore, this is a 
first order reaction. 

So, rate = k[(CH 3 ) 2 0], k 
= 4. 28 x 10- 4 sec” 1 

Sol.37 H 2 0 2 (g) -> H 2 0(7) + 10 2 (g) 

Here,V r oc [H 2 O 2 ] 

Assuming this is a first order reaction 

k=“log»i = l|og— 

t s [H 2 o 2 ], t a v, 

At time, t = 0, V r 22. 8 cc = Vo 

t = 10,Vr = 13. 3 cc = V t 

, 1 , 22.8 r „ , . , 

ki = —log-= 5. 4 x 10 2 min 1 

10 13.3 


T^LANCES^ 


t = 20,Vr = 8. 25 cc = Vt 

k 2 = -±log±^ = 5. 1 x 10" 2 min -1 
20 8.25 

ki and k 2 are equal within experimental error. 
Therefore, first order reaction. 

Sol.38 For inversion of cane sugar, assuming 
first order, 

k = -log 9 ° ~ 9 °° 

t y e f -e M 

At time, t = 0, 0 = 0o = + 13. 1 
At time, t -> 00 ,0 = 0^ = -3. 8 
At time, t = 60, 0+ = 11.6° 


Sol.39 A(g) -> 2B(g) + C(g) 
time, t = 0 Po 0 0 

time, t Po-x 2x x 

time,t-»oo 0 2Po Po 

At, t —» 00 , Pt = 3Po = 270 mm Hg 
Po = 90 mm Hg = (Pa) 

At, t = 10 min,Pt = Po - x + 2x + x 
= Po + 2x = 176 
2x = 176-90 
x = 43 mm Hg 

(Pa)+ = Po - x = 90 - 43 = 47 mm Hg 

Now, since, this is first order reaction. 

, 2.303. (P A ) 0 2.303, 90 

k = -log A u = -log— 


log : 
10 47 


-log 

t >a) + 

k = 6. 49 x 10 -2 min -1 

ki = .±2.303 /qy 13 - 1 -^, 

60 ^11.6-r-3.8; 

= 1. 55 x 10“ 3 min” 1 

At time, t = 120 min, 0t = + 10. 2° 

k2 = ^log (13 ±- ( - 38) 

120 (10.2) -(-3.8) 

= 1. 57 x 10- 3 min' 1 

At time, t = 180 min, 0t = +9. 0° 

, 2.303, (13.1)-(-3.8) , , n3 . 

k 3 = -log--= 1. 54 x 10 3 min 

180 (9.0)-(-3.8) 

At time, t = 360 min, 0t = +5. 87° 

, 2.303, (13.1)-(-3.8) „ . 

k 4 = -log-= 1. 55 x 10 3 min 

360 (5.87)-(-3.8) 

We see that, ki, k 2 , k 3 and k 4 are all same within 

experiment value. 

Therefore, this is a first order reaction 
0.693 0.693 


-1 


Half-life = 

k 6.49x10- 
(i) (Pa)i = 90 mm Hg 


= 10. 677 min 
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(ii) (PA)f = 47 mm Hg 

(iii) k = 6. 49 x 10 -2 mirr 1 

(iv) ti /2 = 10. 67 min 


Sol.40 2N 2 05(g)^4N0 2 (g)+0 2 (g) 
time, t = 0 Po 0 0 

time, t = t Po-2x 4x x 

t -> oo 0 2Po ^ 

2 

At t — > oo, P t = 584. 5 = 2Po + ^ 

=>^2. = 584. 5 
2 


=>Po = 233. 8 mm Hg 
At t = 30 min, 

Pt = 284. 5 = Po - 2x + 4x + x 
=>Po + 3x = 284. 5 
3x = 284. 5 - 233. 8 
x = 16. 9 mm Hg 
Pn 2 o 5 = Po _ 2x 


= 233. 8-2 x 16. 9 = 200 mm Hg 
We have, 


-1 d[N 2 0 5 ] 
2 dt 


= k[N 2 Os] 


[N 2 O s ] t 

1 


[N 2 o 5 ] 0 


d[N 2 Q 5 ] 

[N 2 O 5 ] 0 



In 


7N 2 0 5 7 t 

7N 2 O 5 / 0 


= -2kt 


k = 


2.303 [N 2 O 5 ] 0 

2t y [N 2 0 5 ] t 


k = 


2303 |o (Pn 2 o 5 )o 
2t ° g (P N2 o 5 )t 


2.303. 233.8 

= -log- 

2x30 200 

k = 2. 605 x 10" 3 min’ 1 . 


('•' p n 2 o 5 rx [N 2 Os]) 


Sol.41 (a)Assuming first order reaction 

k = ^log^ 
t V, 


We have,Vo = 22. 8 cc 
At t = 10 min, Vt = 13. 8 cc 


. 2.303. 22.8 _ in _ 2 . 

ki = -log- = 5. 02 x 10 2 min 1 

10 13.8 


At t = 20 min, Vt = 8. 25 cc 

_ 23031 2^8 _ 5 08 x 10 -2 min -i 

20 8.25 


Since, ki « k 2 . This is first order reaction. 

0.693 0.693 13 __ . 

= 13. 75 min 


(b) ti/2 = 

k 5.05x10 

(c) At t = 25 min, 

k = ^log^ 

25 V t 

Fraction decomposed 


-2 


1 .^= 1 . 10 
V n 


-25x5.05x10 
2.303 


-2 


= 1-0. 284 


Fraction decomposed = 0. 716 


Sol.42 H 2 0 2 


H 2 0 + -02 
2 


We are given complete dissociation gives 46. 
34 mL O 2 . 

Also V 02 cc [H 2 0 2 ] 

(Vq 2 is volume of 0 2 a given sample of H 2 0 2 

can given) 

.-. [H 2 0 2 ] o oc 46. 34 

Also, at t = 5.1 days, V 02 = 10. 31 mL 
then [H 2 0 2 ] t oc (46. 34-10. 31) 


So, 


k= 2303 [H^ 

t a [H 2 0 2 ] t 
46.34 


, 2.303, 

k = -log 

5.1 46.34-10.31 

k = 4. 93 x 10“ 2 days -1 . 

When 20 mL ,0 2 lost, 

[H 2 0 2 ] t oc (46. 34 -20. 00) 

2.303, [H 2 O 2 ] 0 


t = 


-log 


[H 2 O 2 ] 0 -[H 2 O 2 ] t 


2.303 , 46.34 

— \° 9 ~ 


4.93 x10 -2 46.34-20 

t = 11.45 days 


Sol.43 A(aq) -» B(aq) + C(aq) 
t = 0 no 

t = t no - x x x 

t —^co 0 no no 

At t -» 00 , 0 ^ = -5° = no. 0b + no0c 
We have, 0a = 20°, 0b = 30°, 

0c = -40° 

.\30no - 40no = -5 
no = 0. 5 

At time, t = 6 . 43 min. 

0t = (no - x)0a + x(0b + 0c) = 2 . 5 
20no + x(30. 40 - 20) = 2. 5 
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30x = 20 x 0. 5 - 2. 5 
30x = 7. 5 
x = 0. 25 

For first order conversion, 


k = 


2.303 

t 

2.303 


log- 


log- 


0.5 


6.93 0.5-0.25 

k = 0. 1 min -1 

Sol.44 

J<1^7 B 

X 

c (B = y, C = z) 

We have, 

^ = —(ki + k 2 )[x] 
dt 

if = 

Mo L J 0 

=>[x] t = [x] oe“ kt , k = ki + k 2 

Now, = ki[x] t 
dt 

d[B] _ kt 

dt 

[B], 


Jd[B] = ki[x] o Je" 


[B]t 
[B] t = 


-kiMo - k 


k lo 
-k 1 [x] 0 _ e ~kt ^ 


k 2 [x] 0 


(1 -e" 


kt +k 2 
Similarly [C] t 

k-j +k 2 

[B] t + [C] t = [y] + [x] 

_ ki [x] 0 c ~kt^ | k 2 [x] 0 c _ kt ^ 


k k 

[x] 0 (1 -e kt ) = [x] o e (1 - e " 

_-kt 


^ki +k 2 | -kt\ _ 


k 
[x] t 


1 


[y] + [2] 1-e 


-kt 


a +(k,+k 2 )t _-| 


-kt 


[Q = k 2 (1 - e" kt ) 
[A] t k!+k 2 e 

1 (e kt -1) 


1 +r 1_ 

k. 


We have, ki = x hr \ k 2 = 10 ki 
= 10 x hr -1 , t = 1 hr 


. [Qt _ j ^ c (x+10x) 


[A] t 


1 + 


1 

10 


- 1 ) 


^It _ 10 nx _ 

[A] t 11 


Sol.46 We have, 

A kl > B —^ 


->C, 


k, = !n?, la = 

Ini 2 

For [A] 

^=-ki[A] 

dt 

=>[A] = [A] oe~ klt 

^ = ki[A] - k 2 [B] 
dt 

— = ki [A] 0 e“ M - k 2 [B] 
dt 

— + k 2 [B] - ki [A] o e klt = 0...(i) 
dt 

This is a linear differential equation. 
Solving this, we get 

[B]t = ^^[e-^-e-^] 

k 2 -k. 

Now, at [B] max, = o 

dt 

In (i), putting = 0, we get 
dt 

ki[A] o e“ klt = k 2 [B] 

-k,t _ k 2 k-[ [A] 0 rQ _k,t Q -k 2 t n 


ki[A] oe 1 = 


[e 1 -e 2 ] 


k 2 -k 1 

k e _klt k e _klt — k e klt k e kzt 


H _ e (k-, -k 2 )t 


Sol.45 Using results of previous question 


_ k 2 [A] 0 . kt 


[C] t = 

[A], = [A] oe 


(1-e ), k = ki + k 2 


,-kt 


T^LANCES^ 


t = 


t = 


^logkt -logk ' 

v kt -k 2 j 

1 . In2 


.2.303 


-In- 


-4. 1 . 

= —In- = 4 


k t -k 2 4.ln2 In2 2 


.-. t = 4 min. 
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Sol.47 
ki^7 B 
K 

From 0,4s,— = 

[C] k 2 

We need, — = 2 = — 
[C] k 2 

Let temperature be T. 

By Arrhenius equation. 


log- 2 - 


For A 


2 _ 


2.303R 


vW 2 y 


ki 


-> B, k 2 = ki, ki = 8, 


E a = 20 kJ/mol (Ei), Ti = 300, T 2 = T 

logtl = 

8 2.303F 


ki = 8 antilog 


" (E a )l 

M 1Y 

2.303R 

1.300 T J 


For A 


->C, similarly, 


k 2 = 2 antilog 
* 1=2 


4antilog 


((E a ) 1 — (E a ) 2 )” 

1 

b 

2.303R 

boo 

"tJ 


=2 


(Ea)i.(E a ) 2 r 1 1 


2.303R (.300 T 
(EJt = 20 kJ/mol, 

(E a ) 2 = 2. 8314 kJ/mol 

_ (28.314-20)x10 3 
^ 8.314 

1 -1 = 7 x 10 -4 


= log - 


—!-— | =0. 7 

300 T 


300 T 

- = 2. 63 x 10- 3 

T 

T = 379. 75 K 

Sol.48 H 2 0 + O —> 20H", E a 
20H" —>• H 2 0 + 0,E a 



E = E a -AH 

= (77. 72) kJ mol- 1 
E a = 5 kJ mol -1 

Sol.49 For ti/ 2 = 1 min, k = 


0.693 


l 1/2 


= 0. 693 min- 1 = 1. 155 x 10“ 2 s 


( -\ ■]} 

— E a 

f A) 


Now, k = Ae RT => T = — 

ln- 

Uoo T J 

R 

l k J 


-i 


A = 5 x 10 13 sec 1 
Ea = 104. 5 kJmol -1 

T 104.5x10 3 


5x10 13 

1-2 


V 1 


" (E a ) 2 

f 1 

bl 

8.134 

v 1.155x10 

2.303R 

^300 

tJJ 

T = 349. 1 K 



Sol.50 From Arrhenius equation 

i r f -> * \ 


log ~ 


2 _ 




2.303R 


V T 1 T 2 J 


For Ti = 27°C = 300 K and 
T 2 = 47°C = 320 K, — = 4 


.-.log 4 


2.303x8.314 


v 300 320 

c _ log4 x 2.303 x 8.314 x 300 x 320 

E ’ = - 20 - 

Ea = 55. 33 kJ/mol 


Sol.51 For ti/ 2 = 2 hr, k = 


0.693 


L 1 / 2 


0.693 


hr 


= 9. 625 x 10- 5 sec' 1 

So, we have, ki = 3. 46 x 10" 5 sec -1 

k 2 = 9. 625 x 10“ 5 sec” 1 

Ea = 100 kJ mol -1 

Ti = 25°C = 298 K 

T 2 = T 
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By Arrhenius equation. 


log 




2.303R 


1 1 


vTi 


log 


9.625x10 
3.46 x10" 


-5 


T 2J 

100x10 s 


2.303x8.3141298 


1 


—-- = 8. 5 x 10“ 5 

298 T 

T = 306 K 


Sol.52 By Arrhenius equation 
k = Ae“ Ea/RT 

Kl _ _(E ai -E a2 )/RT 

ki 

We have, 

E a = 75 kJ mol -1 

a 1 

E a = 25 kJ mol -1 

T = 25°C = 298 K 

•^■=5.8x 10 8 
ki 

Therefore, rate of reaction increases by 
5. 8 x 10 8 times. 


Sol.53 Temperature coefficient 

k 308k _ 

- - i. /b 

K 298k 

By Arrhenius equation 

kaos, = _!^r_L_ JL) 

k 298k 2.303k y298 308 J 

_ _ Iog 1.75 x 2.303 x 8.314 x 298 x 308 

ta — - 

10 

= 42.711 kJ mol -1 
Ea = 10. 757 kJ moM 


Sol.54 At Ti = 380°C = 653 K, 

. 0.693 0.693 

ki = -= - 

t-,/2 360 

= 1. 925 x IQ' 3 min’ 1 


T 2 = 450° C = 723 K, k 2 = k 
Ea = 200 k J mol -1 
By Arrhenius equation 


log- 5 - 


log 


2 _ 

! 2.303R 

k 

i-3 


1 1 


VTi 


T 


1.925x10 
200x10 3 
2.303x8.3141653 


1 


2 J 


1 

723 


log 


1.925x10 


-3 


= 1. 548 


k = 6. 81 x 10" 2 min -1 
Time required for 75 % reaction 
2x693 

= 2ti/ 2 = - T 

6.8 xIO -2 

time= 20. 4 minutes 


Sol.55 We have, 

k 1 - io 12 e“ 81 - 28x1 ° 3/RT 
k 2 = io 11 e ^3.ixio 3 /RT 

ki = k 2 , when 

-81.28x10 s —43.1x10 s 

10 12 e 83xT = 10 11 e 8 - 3xT 

(81.28-43.1 )x10 3 

e 83xT = 10 


38.18x10 3 
8.3 xT 


= in 10 = 2. 3 


T _ 38.18x10 3 
2.3 x 8.3 
T = 2000 K 


501.56 We have, 

ki 

(i) NO + Br 2 1 N NOBr 2 

k 2 

(ii) NOBr 2 + NO ks > 2NOBr 
This is RDS 

Here, we use equilibrium approach, as 
equilibrium is achieved fast 
Rate = k 3 [NOBr 2 ] [NO] 

For equilibrium of (i), 
k, _ [NOBr 2 ] 
k7 ~ [NO][Br 2 ] 

[NOBr 2 ] = — [NO] [Br] 

k 2 

Hence, rate = [NO] 2 [Br] = k[NO] 2 [Br 2 ] 

k 2 

k = Ml 
k 2 

501.57 (i) 2NO -> N 2 O 2 
equilibrium constant = ki (fast) 

(ii) N 2 O 2 + H 2 ks > N 2 0 + H 2 O 
RDS 

(iii) N 2 O + H 2 — - 3 — > N 2 + H 2 O 

As equilibrium step is fast, we use equilibrium 
approach 
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EXERCISE - IIJEE ADVANCED 


from (i), ki 


[N 2 Q 2 ] 

[NO] 2 


[N 2 O 2 ] = ki[NO] 2 

Also, from (ii), Rate = k2[N202] [H 2 ] 

= kik 2 [NO] 2 [H 2 ] 

= k[NO] 2 [H 2 ] 
k = k2k3 


Sol.59 (i) NO + NO - kl x N 2 O 2 [fast] 

"k_i 

(ii) N 2 O 2 + 0 2 k2 > 2N0 2 (RDS) 
from equilibrium of (i), 

J<^ = [N 2 Q 2 ] 
k_! [NO] 2 

[N 2 O 2 ] = [NO] 2 

k-i 


from (ii) 


Rate = 


1 d[N0 2 ] 

2 dt 


[NO] 2 [0 2 ] 

k_i 


Rate = 


1 d[N0 2 ] 

2 dt 


= k 2 [0 2 ] [N 2 O 2 ] 


= k[N0] 2 [0 2 ], 


k = 


^ 2^1 

k-i 


Sol.60 (a) H 2 + I 2 ^ 2HI 

since, this is one step, rate = k[H 2 ] [I 2 ] 

(b) (i) I 2 21 

equilibrium constant = ki, fast 


(ii) 21 + H 2 k2 > 21-11, RDS 

[II 2 

from (i) equilibrium, ki = 

[I] 2 = ki [I 2 ] 

from (ii)Rate = k 2 [I] 2 [H 2 ] 

= k 2 ki [I 2 ] [H 2 ] 

= k[H 2 ] [I 2 ], k=k 2 ki 
(c) (i) b 21 

equilibrium constant = ki, fast 

(ii) I + H 2 -> HI 2 

(iii) m 2 + I k2 > 2HI, RDS 
equilibrium constant = k 2 , fast 

[II 2 

from equilibrium (i), ki = 


[I] 2 = ki [I 2 ] 

from equilibrium (ii), 

k2 = [HI] 2 W- 
[I][H 2 ] 

[IH 2 ] = k 2 [I] [H 2 ] 
since (iii) is RDS, 

Rate = k 3 [IH 2 ] [I] 

= k 3 k 2 [I] 2 [H 2 ] 

= kik 2 k 3 [l2] [H 2 ] 


Rate = k[H 2 ] [I 2 ] 

(d) No, it cannot distinguish between the three 
mechanisms as all the 3 molecules gives the 
same rate law. 

(e) Mechanism (a) becomes most improbable as 
it just involves one step and it is highly unlikely 
that I 2 and H 2 will combine directly at 200°C 
without breaking into radicals. 


Sol.1 [B] We know, 

Coefficient in rate law 
= _1_ 

stiochiometric coefficient 

Given rate law 

1 d[C] _ -1 d[D] _ +1 d[A] 
+ 2 dt 3 dt " 3 dt 

= 

dt 

Reaction is 

3D + B -> 2C + 4A 


501.2 [D] If volume is reduced to half, pressure 
will get doubled. 

Now, reaction is first order w. r. t O 2 and second 
order w. r. t N 2 
.-.rate = k[0 2 ] [N 2 ] 2 
r f = k[20 2 ] [2N 2 ] 2 
r f = k[20 2 ] [2N 2 ] 2 
= 8n 

501.3 [C] We have 
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|AH | = Eb-Ef 
= (200- 180) kJ mol” 1 
|AH| = 20 kJ/mol 


rate, 


= k 


Sol.4 [D] For zero order reaction 
d[B] 
dt 

[B] = kt 
[A] = [A] o - kt 

1 

At time t = t3/4, [A] = — [Ao] 

4 


=>t 


= 3[A] 0 
4k 


=^>t3/4 OC [Ao] 

Similarly, ti /2 °c [Ao] 

Sol.5 [C] Here, ti /2 cc [A]o, therefore, it is a zero 
order reaction. 


So, rate of reaction 



will be independent 


of time. 


Sol.6 [B] The given option is correct as there 
is very little probability for more than 3 
atoms to collide simultaneously. 


Sol.7 [C] We have 
k = ^log JL 


kt = 2. 303 log ao - 2. 30 log(ao-x) 


log(ao-x) = 


-kt 


2.303 

Slope of log (ao - x) vs. 
-kt 


+ log ao 


+ graph = 


2.303 


Slope of given graph = -3. 3 x 10 3 = 
=>k = 7. 7 x IQ- 3 


-k 

2.303 


Sol.8 [C] As shown in QS of exercise I. 
Volume strength = 5. 6 No = 16. 8° 


Now, after 2. 303 hours, let normality be N. 
When 20 mL of this solution is diluted, 
Normality becomes 
N.20 _ N 
100 ~ 5 

It is diluted against 0. 02 M KMnCU. 

Under acidic conditions, normality of KMnCU = 
M x 5 

= 0. 02 x 5 = 0. 1 N 
Now, using NiVi = N 2 V 2 

-.25 = 0. 1 x 37. 5 
5 


N = 0. 75 N 

Now. volume strength 

V = N x 5 . 6 


= 0. 75 x 5. 6 = 4. 2 V 
Now, 


. 2.303. V 0 
k = -log— 

t y v t 

t = 2. 303 hours, Vo = 16. 8 V, 
V f = 4. 2 V 
, 2.303, 16.8 

2.303 4.2 

k = 0. 60 hr 1 


Sol.9 [A] For experiment 1, 



Time(min)->- 

. -A[A] 0.55 . 

Average rate = - = - = 0. 055 min 1 

At 10 


For experiment 2, 



Time(min)-» 


Average rate, r 2 = — 
At 
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0.2 L4 ' -1 1 . . ■ _1 

= — M min - — M min 1 
5 25 

-“1 = 1.375 *1.5 =1^ 
r 2 1/25 [A] 0j 

Hence the reaction is first order 
When [A] = 1.8M 
Rate, r = 1. 8 x [x] 2 

= — M min” 1 = 0. 072 M min” 1 
25 

«0. 08 M min -1 

501.10 [A] Since ki << k 2 second reaction will 
have the most activation energy 

Further, since the overall reaction is exothermic, 
therefore the final energy of products should 
be less than the reactants plot which satisfies 
above 2 is (A). 

501.11 [A] NO(g) + Br 2 (g) - kl x NOBr 2 (g) 

"k 2 

NOBr 2 (g) + NO(g) > 2NOBr(g) 

We use equilibrium approach 
Since second step is RDS, 

Rate, R = -k 3 [NOBr 2 ] [NO] 

From equilibrium of (i), 

^ _ [NOBr 2 ] 
k 2 ” [NO][Br 2 ] 

^[NOBr 2 ] = ^ [NO] [Br 2 ] 

l < 2 

Therefore, rate = ^[NO] 2 [Br 2 ] 
k 2 

Order w. r. t. NO = 2 


Sol.12 [B] 



This is the plot for enzyme catalysed reaction. 
Correct option is (B). 


6.93 xlCT 6 
80 


mol/L/day 


= 8. 6625 x 10“ 8 mol/L/day 
For decomposition of SO3, 


k = 


0.693 0.693 


t 1/2 100 


= 6. 93 x 10 3 day 




= 8. 6625 x 10- 8 
dt 


- 693x10" 3 [SO 3 ] 
At steady state, 


d[S0 3 ] 


>[S0 3 ] = 


dt 

8.6625 x IQ' 8 
6.93 x10“ 3 


= 0 


[S0 3 ] = 1.25 x 10“ 5 M 
In 10 -3 of air, moles of S0 3 
= 1.25 x 10“ 5 x10 3 


= 1. 25x10- 2 mol 
When dissolved in water (1 L), 
[S0 3 ] = 1.25 x 10-2 M 
Normality of S0 3 = 2M 
= 2. 5 x IQ' 2 N 


N 1 V 1 = N 2 V 2 

2. 5 x 10-2 x 1000 = 1 x V 2 
V 2 = 25 mL 


S0 3 + H 2 O H 2 SO 2 
Rate of H 2 SO 4 production 
980 v 1 n 3 

= 980 kg/day = ——— mol/day 
= 10 9 mol/day 

S0 3 required = H 2 SO 4 manufactured = 10 4 
mol/day 

., number of moles 

Now,V = - 

M 


10 4 

1.25x10 5 


= 8 x 10 8 L/day 


If S0 3 emission stopped, 

d[SQ]3 = -6. 93 x 10- 3 [SO 3 ] 
dt 

^[S0 3 ] = [S0 3 ]o e - 6 - 93x10 " 3t 
[S0 3 ] 0 = [S0 3 ]o e - 6 ' 93x10 " 3t 

[S0 3 ] 0 = 1. 25 x 10“ 5 M 

t = 1000 days 

.'. [S0 3 ]o « 1. 2 x 10" 8 M 


Sol. 13 [A, D] We have, emission rate of S0 3 
= 6. 93 x 10" 6 gm/L/day 


14 [A, B, D] 

— = k[A] 1/2 
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[A] , rAn t 

1SP = I kdt 


[A], 


2[A] 


1/2 


r = kf* 

[A ] 0 


0 


[A] 


1/2 _ 


[A] 


1/2 _ 


kt 


k= ^(Aj /2 .A 1/2) 
7A = — + y[&0 


Straight line 
At t = ti/2, [A] 


[A] 0 


tl/2 = 


Z-JZk 


[A 0 ] 


1/2 [A 0 ] 0 


1/2 


72 


[A 0 ]n /2 2([2A]1 /2 - 


[A] 

72 


1/2 


272k 


2[A]J /2 


(72-1)[A] 0 k 
At t = ts/4, [A] = ^ 


(72-1) 


.'.t3/4 = 


2k 


[A]J /2 


[A] 


1/2 


[A]q /2 - 




t3/4 


k 

Mo 


Sol.15 [A, D] H 2 0 2 (g) -> H 2 0(/) + lo 2 (g) 
Here, V r oc [H 2 O 2 ] 

Assuming this is a first order reaction 


k= 2303 [H 2 OJ 
t a [H 2 0 2 ] t 


2^2i<L = l|og^ 

t y v t 


At time, t = 0, V r 22.8 cc = Vo 

t = 10,Vr = 13.3 cc = Vt 

, 1 , 22.8 r „ . , 

ki = —log- = 5.4 x 10 2 min 1 

10 13.3 

t = 20,Vr = 8.25 cc = Vt 

k 2 = —log^^ = 5.1 x 10“ 2 min -1 

20 8.25 

ki and k 2 are equal within experimental error. 
Therefore, first order reaction. 


Sol. 16 [C, D] 

(A) is correct 

Rate, R = k[A] m [B] n [C] 0 

log R = log k + m log[A] + n log[B] 

If all concentration other than [A] are constant, 
d(logk) 

Then —-——- = m 
d(log[A]) 


(C) Order of reaction can be fractional 

(D) Order of a reaction can only be determined 
experimentally 


Sol.17 [C] Order of an elementary reaction 
cannot be fractional, through the overall order 
of a reaction can be fractional. 


kw2B 


k 2 x 2C 


We have, 


[B] 

[C] 



1_ 

2 


For every mole of A consumed, 


- mole used 
3 


for forming B and rest for forming C. 
[A] 0 = 2 moles 

At end of 50% reaction, Ao = 1 mole 


1 2 

B n = - x2x1 = — moles 


Cn 


3 3 

— x2x1 = — moles 
3 3 


[Since, for every mole A, 2 moles of B (or C) is 
produced] 


Sol.18 [D] A(aq) -> B(aq) + C(aq) 
t = 0 no 

t = t no - x x x 

t — »co 0 no no 

At t -» 00 , 0 ^ = -5° = no.0B + no0c 
We have, 0a = 20°, 0b = 30°, 

0c = -40° 

.-.30no - 40no = -5 
no = 0.5 

At time, t = 6.43 min. 

0t = (no - x)0a + x(0b + 0c) = 2.5 
20no + x(30.40 - 20) = 2.5 
30x = 20 x 0.5 - 2.5 
30x = 7.5 
x = 0.25 
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For first order conversion, 

2.303 


n n -x 


k = ^log-A 

t 

k = 0.1 min“ 

Sol.19 [A] 

ki B 


log 


0.5 


6.93 0.5-0.25 


k 2 ^ C (B = y, C = z) 
We have, 

^ = —(ki + k 2 )[x] 
dt 

']'f = - ( k 1+k2 ,jd, 

[X] 0 L J 0 

=>[x] t = [x]oe" kt , k = ki + k 2 

Now, = ki [x]t 
dt 

^ = ki[x]oe“ kt 
dt 

[B] t 


Jd[B] = ki[x]o Je" 


_ -ki Mo „-k 


[B]t = 


[B] ,= A^(1- e - kt ) 


k 

it> 

^ +k 2 


Similarly [C]t = 


Mxjo 

k-j +k 2 


(1-e 


-kt \ 


[B]t + [C], = [y] + [x] 


ki Mp (.j c ~kt) | k 2 [x] 0 


(1 -e“ kt ) 


^ +k 2 
k 

[x] t 

[y] + [2] 1-e 


[x] 0 (1 -e“ kt ) = [x]o e ( 


1 


-kt 


a +(ki +k 2 )t _ -| 


Sol.20 [C] Using results of previous question 
_ k 2 [A] 0 /1 ^_kt> 


[C]t 

[A], = [A]oe 
[C] t 


-(1 -e ), k = ki + k 2 


,-kt 


(1 -e kt ) 


[A] t k^+k 2 e~ 


1 -(e“ kt -1) 


1 + 


ki 


We have, ki = x hr \ k 2 = 10 ki 
= 10 x hr -1 , t = 1 hr 


■ - 1 /,(x+10x) -tx 

"[A]. "i + -L ( 

10 

= —( e 11x - 1) 

[A] t ir 

Paragraph-1 

Sol.21 [B] Total number of moles 

, 2 4 . 

= 1 + — + — = 3 moles 
3 3 


501.22 [C] Moles of B = — = 0. 666 moles. 

Paragraph-2 

501.23 [B] We have, 

niA(g) -> n 2 B(g) 
time 0 a 0 

time t a - nix n 2 x 

.-.Rate = k[A] = — ^ = k[A] 


^ dt 


l ^ 1 - 


a 

fn— = -nikt 
a 

a t = ae~ n,kt 

Sol.24 [D] niA(g) -> n 2 B(g) 
t = 0 a 0 

t=1 ae n ' kt — a(1 -e _nikt ) 

n i 

Total moles present 
= a 


e -n,kt + n 2 c ~n 1 kt 


n i "i 


= a 


v n 1 


/ A 

\ 

^-i 

e“" lkt 

l n i J 

J 


Concentration is to remain same at time t, 
total moles present(n) _ a 0 


V 


" V 0 

r \ 


=,v=^ = V„ 

El _ 

^-1 

e~ n i ^ 

30 

_ n i 

l n i j 

- 

Sol.25 [B] If ni = 1,n 2 = 

: 2 



at time t, 
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riA = ae Kl 

V = Vo(2 - (2 - 1 )e~ kt ) 
= Vo(2 - e“ kt ) 


f e - kt > 
2-e“ k 


Paragraph-3 

Sol.26 [C] [B] = kl[A] ° [e~ M -e“ M ] 

k 2 -ki 

d[B] = MA]^ ( _ k -kit +k - M) 
dt k 2 -k-, 1 2 

When [B] is maximum, = 0 

dt 

M =0 

dt 

=>-k.,e“ klt +k 2 e~ kzt = 0 
k^ 1 * = k 2 e~ kzt 
e (k,-k 2 )t _ J<i_ 

k 2 


(ki - k2)t = 



=>t = 


ki 


1 


-k 2 


In 


ki 
k 2 


Sol.27 [C] For ki = 1000 s' 1 , k 2 = 20 s' 1 , 
[A] t = [A] o e“ 1000t 


[B] t = 


1000 


20-1000 


[A] 0 [e 


-1000t 


-20t 1 


~ [A] 06 2 ®t, tmax 


1 „ 1000 

- £n - 

1000-20 20 


[B] t will increase till tmax and then decay 
exponentially 

[C] , = [A]o - ([A] t + [B],) 

= [A]o - [Ao] e“ 1000t - [A]oe“ 20t 
= [A]o(1 - e~ 1000t - e~ 20t ) 

«[A]o(1 - e- 20t ) 

[C]t will approach [A]o asymptotically. 


Sol.28 (A)S 
We have, 

1 d[B] _ —d[A] 

2 dt dt 

Straight line with slope equal to 2. 
(B)R 

[A] = [A]oe _kt 
exponential decay 


(QP 

[B] = 2([A]o - [A]) 

= 2[A]o (1 - e" kt ) 

Exponential graph will approach 2[A]o 
asymptotically. 

(D)Q 

For zero order, 

[A] = [A]o - kt 

Straight line with slope -k. 


Sol.29 We will draw all graphs given in Column- 
II and then match them with Column-I. 

(P) ln[A] vs t (order 1) 

We have, [A] = [A]oe- kt 
In [A] = I n [A] o - kt 

Straight line with negative slope matches (A). 

(Q) ti/ 2 vs [A]o (order = 1) 

0.69B 


It is independent of [A]o, straight line parallel to 
x-axis. Matches (B) 

(R) r vs t (order > 0) 
r = k[A] n , n > 0 

for order > D, rate decreases with increasing t 
as [A] decreases with t 

.-.decreasing graph (not straight line) matches 
(C). 

(S) r vs t (order = 0) 

For order, r is constant of time, graph is straight 
line parallel to x-axis. 

(T) ti/ 2 vs [A]o (order > 1) 

We know, 


decreasing graph 
Matches (C). 

(U)— vs t(order = 2) 
[A] 


we have, 
-d[A] 


dt 

[A] 

[A], 


d[A] 

[A] 2 


-k 

[A] 2 




dt 


-1 


[A] 



-kt 


it 

lo 
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=> 


1 

[A] 0 


[A] 


= -kt 


=> 


1 


kt + 


1 


[A] [A] 0 

Straight line with positive slope and positive 
intercept. 

Matches no option in Column-I. 

(V)rvs [A] (order = 1) 
r = k[A] 

Straight line with positive slope. 

Matches (D) 


(A) —» P 

(B) -> Q, S 

(C) -> R, T 

(D) —» V 
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PREV YEARS' QUESTIONS JEE ADVANCED 


501.1 The rate constant (k) of all chemical 
reactions depends on temperature. 

k = Ae“ Ea/RT 

where, A = Pre-exponential factor, 

E a = Activation energy. 

501.2 A catalyst increases the rate of reaction 
but by the same factor to both forward and 
backward directions. Hence, a catalyst shorten 
the time required to reach the equilibrium. 

501.3 Rate will be directly proportional to both 
concentration and intensity, i.e, rate of 
formation of AB * oc C. I. 

501.4 Order of a reaction can take any real 
value, i.e, negative, integer, fraction, etc. 

501.5 According to Arrhenius equation, rate 
constant increases exponentially with 
temperature: 

(a) k = Ae“ Ea/RT 

Sol.6.Living plants maintain an equilibrium 
between the absorption of C 14 (produced due 
to cosmic radiation) and the rate of decay of 
C 14 present inside the plant. This gives a 
constant amount of C 14 per gram of carbon in 
a living plant. 

501.7 . Fossil whose age is closest to half-life of 
C-14 (5770 yr) will yield the most accurate age 
by C-14 dating. 

501.8 . U = In- 

INI 

where No = Number of C 14 in the living matter 
and N = Number of C 14 in fossil. Due to nuclear 
explosion, amount of C 14 in the near by area 
increases. This will increase No because living 
plants are still taking C-14 from atmosphere, 
during photosynthesis, but N will not change 
because fossil will not be doing photosynthesis. 
=> T (age) determined in the area where nuclear 
explosion has occurred will be greater than the 
same determined in normal area. 

T^LANCESS" - 
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Also,/NT, = ln^- 

A.T, = In— 

2 C 

=> Ti - T 2 = In ^ 

C = Concentration of C-14 in fossil. 

501.9 (0) 

Rate of reaction is constant with time. 

501.10 k = — = yr 1 = 1.2 x 10- 4 yr 1 

t 1/2 5770 

*1 I q 

Also kt = In — = —— x 11540 
f 5770 

= In 4 

=> f = - = 0.25 
4 


Sol.l 1 k = 1.5 x 10“ 6 s _1 

, , 100 
kt = In 

=>ln 


100-x 

100 


100-x 

= 1.5 x 10“ 6 s _1 xIO x 60 x 60s 
= 0.0054 
100 

= 1.055 


100-x 


=>x =5.25% reactant is converted into product 

,, ,r ,-r In2 0.693 A ^~ nnn 
Half-life = =- f = 462000 s 


k 1.5 x 10 -6 


= 128.33 h 


Sol.l2 The minimum rate of decay required 
after 6.909 h is 346 particles min -1 . 

=>Rate = kN 

.. Rate 346x66.6x60 

=>N = -=- 

k 0.693 

= 1.995 x 10 6 atoms 

=>kt = In ^ 

N 

^ — x 6.909 = ln^ = 0.0715 
66.6 N 
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No 

N 


= 1.074 


=> No = 1.074 x N = 1.074 x 1.995 x 10 6 
= 2.14 x 10 6 atoms of Mo 
=> Mass of Mo required 


2.14x10' 

6.023x10 


23 x 99 = 3.56 x 10“ 16 g 


Sol.13 CH 3 -0-CH 3 (g) -> CH 4 (g)+ H 2 (g)+CO(g) 
At 12 min :0.40 - p p p p 
Total pressure = 0.4 + 2p 

Also k x 12 = In 0 ^0 
0.40-p 


In2 

145 


x 12 = 1.77 


=> p = 0.175 

=> Total pressure = 0.4 + 2p 
= 0.4 + 2 x 0.175 
= 0.75 atm. 


Sol.15 (a)Partial pressure becomes half of initial 
in every 100 min, therefore, order = 1. 

(b) k x 100 = In — = In 2 

400 

=> k = 693 x 10“ 3 min -1 

(c) For 75% reaction; time required 
= 2 x half-life 

= 200 min 

(d) 2X(g)- > 3Y(g) + 2Z(g) 

800-x - x x 

2 

3 

Total pressure = 800 + - x 

Also 800 - x = 700 
^x = 100 
=> Total pressure 

= 800 + - x 100 = 950 mm 
2 


Sol.14 (a)ln ^ = 

k, Rl TJ 2 ) 


, ( 4.5 x 10 7 ^1 

In i- T | 

1.5 x 10 7 J 


50 


8.314V323 x 373 


^E a = 22 kJ 


Also In k = In A - 


RT 

At 50°C: 

In A = In (1.5 x 10 7 ) - = 8.33 


8.314x323 


=>A = 4.15 x 10 3 s" 


( b)N 2 05 (g)-x 2N0 2 (g) + - 0 2 (g) 


600-p 


2p 


P 

2 


Total pressure = 690 = 600 + — p 


=>p = 240 mm 

Partial pressure of N 2 Os(g) 
remaining 
= 600 - 240 
= 360 mm 

=> Mole-fraction = = 0.375 

960 
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